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You can never get too much 
attention. 

At least that’s how Monolithic 
Memories sees things. 

So when you come to us for your 
system components, you get much 
more than parts. You get a partnership. 
Which includes all the service and 
support you'll need throughout your 
design process. 


First, there’s our network of Field 
Applications Engineers, 50 or so of the 
most highly evolved minds in the field 

They'll give you all the hands-on 
help it takes to get the most out of 
our circuits. Like applications support 
Design problem troubleshooting. 
Even test program debugging. 

Then there's our Applications Hot- 
line, staffed by engineers who really 
know their way around our PAL, 
PROM and advanced logic ICs, as 
well as our new Logic Cell”Arrays 
(LCA). Ifthey can’t solve your design 
problems, they'll direct you to the 
people who can. 

You get more up-to-the-minute 
support, too. From our updated 
PALASM* software. Our new LCA 
XACT™ software. Our on-going series 
of PAL device seminars. And, most 
importantly, our commitment to 
maintain our record of hitting over 
98% of promised first ship dates. 

We give our distributors close 
attention, too. Which means they can 
do the same for you. Whether you 
need prototypes, programming ser- 
vices or inventory management. 

So instead of getting ignored after 
getting your components, talk to us. 

Monolithic Memories, 2175 Mission 
College Blvd., Santa Clara, CA 95054. 
(800) 247-6527. 

We'll give you all the support you 
need. Without any monkey business. 


Logic Cell and XACT are trademarks of Xilinx, Inc. PAL and PALASM are 
registered trademarks of Monolithic Memories, Inc. 
© 1987, Monolithic Memories, Inc. 
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CIRCLE NO 306 


Chip Resistors. — 


Dale CRCW1206 1% and 5% chips offer 
design flexibility for meeting precision and 
general purpose requirements in surface 
mount applications. CRCW1206 1% styles 
provide a rating of 1/8 watt from 10 ohms to 
1 megohm with a TC of +100 PPM/°C. 


CRCW1206 5% styles provide 1/8 watt 
from 10 ohms to 2.2 megohms with a TC of 
+200 PPM/°C. The CRCW1206 style has 
wraparound terminations and is compatible 
with automatic placement equipment. 


Contact: Dale Electronics, Inc. 
2300 Riverside Blvd., Norfolk, NE 68701 


Fe comet 402.3'71-0080 


CIRCLE NO 3 


Dale's CRCW1206. 


A choice of two Dale chip-style therm- 
istors makes it easier to integrate tem- 
perature measurement and control into 
hybrid and surface-mounted design. 
Type “H” has silver wraparound termina- 
tions on each end. Type “W” has silver 
terminations on top and bottom surfaces. 
Both are available in +5% and +10% 
tolerances with Ros values from 50 ohms 
to 1 meg., depending on type and size. 
For information and technical assistance, 

contact: Dale Electronics, Inc., 
Western Thermistor Division, | 
P.O. Box 26728, El Paso, TX 79926. 


manner tadag 915-592-3253 


CIRCLE NO'4 


Standard PC Power 
Transformers .. . 
Your Way! 


Believe it or not, at Prem we will work with 
you to modify our standard components to 
fit your application. And we will work with 
you to schedule convenient partial deliveries, 
if needed. As you probably already know, 
not all our competitors will. And, we do 
even more! 


How can we keep flexibility with our low 
prices? It’s simple. We design and efficient- 
ly manufacture our own transformers. We do 
not need to import them from some faraway 
off-shore source to keep our prices low. 


If one of our standard components isn’t the 
ideal transformer for your circuit, our 
engineering staff will design a custom com- 
ponent that is just right. 


At Prem, we have old-fashioned ideas about 
service .... 


Small orders are shipped immediately from 
stock. We also know that you need the price 
break of a larger quantity, but sometimes you 
may not want all your parts delivered im- 
mediately. We’ll work with you to schedule 
convenient deliveries . . . as far as 12 months 
into the future. 
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At Prem, we want to make it easy for you. 
Our entire line of PC power transformers is 
already both CSA Certified and UL 
Recognized at no extra charge to you. 


If you have questions about a transformer to 
meet your application, you can confer with 
our technical services specialists or you can 
speak directly with one of our five design 
engineers . . . always available to assist you. 


The 
Price 
Fighter 
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If you’re tired of the costs and hassles 
resulting from low standards, you'll ap- 
preciate Prem’s total dedication to quality. 
We would welcome an opportunity to have 
you conduct a quality survey of our facility. 


You could be reducing your costs and in- 
creasing your profits right away. Send for our 
catalog. Or, for faster action, call or write 
with your current part number. We will re- 
spond quickly with a quote. 


MAGNETICS, 
INCORPORATED 


3521 North Chapel Hill Road 
McHenry, Illinois 60050 

Tel. 815-385-2700 

TWX 910-642-3763 

FAX (815) 385-8578 
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tiny SPDT switch 


de to 4.6GHz... $3299 


Tough enough to pass stringent MIL-STD-202 
tests, useable from dc to 6GHz operation, and smaller than 
most RF switches, Mini-Circuits’ hermetically-sealed 
KSW-2-46 offers a new, unexplored horizon of applications. 
Unlike pin diode switches that become ineffective below 

1 MHz, this GaAs switch can operate down to dc with control 
voltage as low as -5V, at a blinding 2ns switching speed. 


Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., 

the KSW-2-46 provides 50caB isolation (considerably higher 

than many larger units) and insertion loss of only 1dB. The 
surface-mount unit can be soldered to pc boards using conventional 
assembly techniques. The KSW-2-46, priced at only $32.95, 
is yet another example of components from Mini-Circuits 
with unbeatable price/ performance. 

Switch fast... to Mini-Circuits’ KSW-2-46 


SPECIFICATIONS 


FREQ. RANGE dc-4.6 GHz 
INSERT. LOSS (db) typ max 
dc-200MHz 0.9 1 
200-1000MHz 1.0 12 
1-4.6GHz 1.3 1.7 
ISOLATION (dB) typ min 
dc-200MHz 60 50 
200-1000MHz 45 40 
1-4.6GHz 30 23 
VSWR (typ) 1.3:1 
SW. SPEED (nsec) 
rise or fall time 2(typ) 
MAX RF INPUT (dBm) 
” up to SOOMHz wis 
finding new ways... above 500MHz +27 
setting higher standards CONTROL VOLT. -8V on, OV off 


aR 1a 8 8 OPER/STOR TEMP. -50 to +100°C 
(J Mini-Circuits pice 295 120 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 C 117 REV.A 
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Amplifier Arsenal 


50KHz—2000MHz, Low Noise 100mWoutput Gain Controlled trom $69.95 


Our ZFL-2000 miniature wideband amplifier hit a bulls-eye 
when we introduced it last year. Now we've added more 
models to offer you a competitive edge in the continuing 
battle for systems improvement. 

The ZFL-2000, flat from 10 to 2000MHz, delivers +17dBm 
output and is priced at only $219. 

Need more output? Our ZFL-1000H, flat from 10 to 
1000MHz, delivers +20dBm output. 

Is low noise a Critical factor: Our ZFL-500LN and 1000LN 
boast a 2.9dB NF. 

Variable gain important? Our ZFL-1000G, flat from 10 to 
1000MHz, delivers +3dBm output with 30dB gain control while 
maintaining constant input/output impedance. 

Searching for a high-quality, low-cost amplifier? Our 
ZFL-500 flat from 50KHz to 500MHz, delivers +10dBm output 
for the unbelievable low price of only $69.95. Need to go 
higher in frequency? Consider the ZFL-750, from 0.2 to 
750MHz, for only $74.95. Or the $79.95 ZFL-1000, spanning 
0.1 to 1000 MHz. 

One week delivery...one year guarantee. 


SPECIFICATIONS 
FREQUENCY GAIN, dB MAX.POWER- NF PRICE $ 


MODEL 


ZFL-500 
ZFL-500LN 
ZFL-750 
ZFL-1000 


ZFL-1000G* 
ZFL-1000H 
ZFL-1000LN 
ZFL-2000 


* 30dB gain control 


Mini 
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MHz 


0.05-500 
0.1-500 
0.2-750 
0.1-1000 


10-1000 
10-1000 
0.1-1000 
10-2000 


min. 


20 
24 
18 
17 


17 
28 
20 
20 


finding new ways 
Setting higher standards 


OUTPUT 

dBm(typ) dB(typ) Ea. Qty. 
+9 5.3 69.95 1-24 
+5 2.9 79.95 1-24 
+9 6.0 7495 1-24 
+9 6.0 79.95 1-24 
+3 12.0 199.00 1-9 
+20 a0 219.00 1-9 
+3 2.9 89.95 1-24 
a a 7.0 219.00 1-9 


**+45dBm below 1000MHz 


-Circuits 


A Division of Scigntific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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DESIGN FEATURES 
Special Report: Integrated Services Digital Network 18 


j The Integrated Services Digital Network 
(ISDN) stands poised to transform the world’s 
telecomm network into an all-digital system. 


KEEPING AMERICA —Steven H Leibson, Regional Editor 
COMPETITIVE 
Wescon/87 139 


Wescon’s professional program will provide you with practical 
technical information you can use immediately.—Dan Strassberg, 
Associate Editor 


Wescon/87 Products 151 


On the cover: When the Integrated Ser- : : . 
vices Digital Network becomes a reality, the Designer’s Guide to 193 
world telephone network will be exclusively Switching Power Supplies—P art | 

Aygital. This transformation will create a 
whirlwind of business for suppliers of 
telecomm equipment. See pg 118. (Photo 


In part 1 of this 2-part series, you’ll learn about simple switching 
regulators and a technique for stabilizing switching-supply feedback 


courtesy Intel Corp) loops.—Jim Williams, Linear Technology Corp 
Interface a real-time clock chip 209 


to the IBM PC or Apple IT 


Modern real-time clock (RTC) chips are sophisticated, highly stable 
devices that require very few external components. RIC chips are easy 
to use, but to obtain their highest accuracy you must take care both in 
board layout and in your choice of a timebase crystal—Adnan Khan, 
GE Solid State and Mark Alexander, GE/Intersil 


CD-player design requires 225 
an accurate 16-bit D/A converter 


You can greatly simplify the design of a compact-disk player by using 
a high-speed, serial input DAC that has low noise and low harmonic 
distortion. The high-speed feature permits you to use oversampling 
techniques in your system; the serial-input capability improves the CD 
player’s reliability.—Frederick J Highton, Burr-Brown Corp . 


Digital signal-synthesis tools 239 


model real-world environments 


High-speed digital signal synthesizers can generate test signals that 
exhibit varying degrees of distortion and noise. The flexibility and 
repeatability that the digital tools offer can help you test electronic 
systems ranging from magnetic disk drives to television receivers. 


—Karen Kafadar, Hewlett-Packard Co Continued on page 7 


EDN®(ISSN 0012-7515) is published 38 times a year (biweekly with 1 additional issue a month) by Cahners Publishing 
Co, a Division of Reed Publishing USA, 275 Washington Street, Newton, MA 02158. William M Platt, President; Terrence 
M McDermott, Executive Vice President; Jerry D Neth, Vice President of Publishing Operations; J J Walsh, Financial 
Vice President/Magazine Division; Thomas J Dellamaria, Vice President Production & Manufacturing; Frank Sibley, 
Group Vice President. Copyright 1987 by Reed Publishing USA, a division of Reed Holdings Inc; Saul Goldweitz, 
Chairman; Ronald G Segel, President and Chief Executive Officer, Robert L Krakoff, Executive Vice President. 
Circulation records are maintained at Cahners Publishing Co, 44 Cook Street, Denver, CO 80206. Phone (303) 388-4511. 
WBP Second class postage paid at Denver, CO and additional mailing offices. POSTMASTER: Send address corrections 
A ABP to EDN® at the Denver address. 


EDN November 12, 1987 | y 


The first hermetic optocouplers 


certified to MIL-STD-1772 


ATe 


from HP 


need hermetic optocouplers, 

consider HP your primary source. 

We are the first company to get U.S. 
Government approval for our hybrid 
optocoupler manufacturing line. Our 
entire family of 8- and 16-pin hermetic 
optocouplers has been line certified 
to meet the new tough DESC require- 
ments (MIL-STD-1772) for hybrid 
devices. 


To order, contact your nearest HP distributor. In the U.S.: Almac Electronics, Hall-Mark, Hamilton/ 
Avnet, or Schweber. In Canada: Hamilton/Avnet or Zentronics Ltd. 


But that’s only half of it. 
We deliver high reliability perfor- 
mance with carefully engineered fea- 
tures that make your products stand 
out from the competition: high speed 
logic gates with data rates up to 13 
MBd; Darlington amplifier detector 
circuits with a current transfer ratio of 
up to 1,500%; a unique logic interface 
with either AC or DC input for voltage 
or current sensing. 

If you would like to know more 
about how to get HP hermetic opto- 
couplers, date-coded to reflect their 
line certification, just circle the reader 
service number on the reply card in 
this magazine. 


CIRCLE NO 230 


CGO08710 


1) packarn 


EDN November 12, 1987 


Continued from page 5 


N 


November 12, 1987 


The capacity and access times of 
minicartridge tape drives continue to in- 
crease, but the peripherals’ drive inter- 
faces and data formats are still incom- 
patible, and the market remains highly 
volatile (pg 63). 
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DESIGN FEATURES (Continued) 


Switcher power densities 257 
change filter-capacitor needs 


The drive for high power densities in switch-mode power supplies 1s 
dramatically increasing the switching frequency in the units. This fre- 
quency increase now puts severe limitations on the output filter 
capacitor’s electrical parameters and how it is physically mounted in 
the circuit.—John Maxwell, AVX Corp 


Alternative computer architectures 2/1 
reduce bottlenecks 


The Von Neumann architecture is no longer the architectural 
mainstay of the computer world. Although pipelining techniques im- 
prove upon a Von Neumann machine’s performance, combining 
pipelining with one of the newer architectures or topologies will prove 
to be far more effective.—James W Hess, Ohmeda 


TECHNOLOGY UPDATE 


Interface and data format dictate 63 
your choice of a minicartridge tape drive 

Most tape-drive manufacturers and their customers agree for now on 
the appropriate medium and capacity for low-end secondary-storage 
applications, but they have yet to agree on a standard drive interface or 
data format.—Maury Wright, Regional Editor 


Chip sets for PC/AT compatibles 79 
support faster ».Ps and shrink board size 


_ Using a chip set that provides the basic 
nonmemory functions of an IBM PC/AT 

mother board, you can build a board for your 

KEEPING AMERICA system that 1s less than half the size of IBM’s 


COMPETITIVE version.—Margery S Conner, Regional Editor 
PRODUCT UPDATE 


Conductive-rubber keyboards 95 
High-speed CMOS 8-bit »C 98 
DESIGN IDEAS 

Transmission gate improves clock driver 287. 
Op-amp current mirror drives load current 289 
Phase shifter uses digital techniques 289 
Current-to-frequency converter spans 140 dB 292 
Step-up converter produces 5V from 1.5V 294 


Continued on page 9 
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AUTOMATIC SCHEMATIC 


FUTUREDESIGNER: DRAW LESS. DESIGN 


MORE, Introducing FutureDesigner™ — 
the only advanced design entry work- 
Station that lets you describe your cir- 


cuit in compact, high-level terms and — 


create more complex designs faster. 
FutureDesigner’s flexible, new tech- 
niques encourage creativity and 
experimentation, helping you pro- 
duce innovative products quickly and 
more accurately. 


MULTIPLE DESIGN ENTRY MODES FOR 
SPEED AND FLEXIBILITY. Describe 
your Circuit with any combination of 
structural and behavioral representa- 
tions. Use schematics to enter the 
structural portions of the design, such 
as data paths in a memory array. For 
portions easier to describe behaviorally, 
like Sequencers or decoders, simply 
enter equations, truth tables or state 
diagrams using on-screen input forms. 


ADVANCED DESIGN VERIFICATION 
HELPS YOU GET IT RIGHT THE FIRST 
TIME. For the behavioral portions of 
your design, use FutureDesigner as a 
“what if" tool to try different design 
approaches. Immediately verify that 
your Circuit works as you Intended. For 
the structural portions, design check 
tools detect and help you correct con- 
nectivity and other common design 
errors. Together these features signifi- 
cantly shorten the design iteration cycle. 


LOGIC SYNTHESIS CONVERTS YOUR 
EQUATIONS INTO SCHEMATICS. Once 
you've entered equations, state dia- 
grams or truth tables, FutureDesigner’s 
logic synthesizer eliminates redundant 
circuitry and optimizes your design for 
size/speed trade-offs. FutureDesigner 
is the only design entry workstation that 
will then automatically produce the 
correct schematics and integrate them 
with the total structural design. 


Data I/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 881-6444/Telex 15-2167 
FutureNet 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-7528 (818) 700-0691/ Telex 910-494-2681 

Data I/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761/06968133 

Data I/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866/Telex 16616 DATIO NL 
Data I/O Japan Sumitomoseimei Higashishinbashi Bldg., 8F, 2-1-7, Higashi-Shinbashi, Minato-ku, Tokyo 105, Japan 


(03) 432-6991/ Telex 2522685 DATAIO J 


©1987 Data !/O Corporation. 
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MORE CHOICES IN TECHNOLOGIES, 
VENDORS AND SYSTEMS. Future- 
Designer is technology independent. 
Choose the most convenient mix of 
TTL, PLDs, gate arrays or other 
ASICs from a wide range of semi- 
conductor manufacturers. You can 
easily migrate from one technology 
to another without redesign. 

FutureDesigner output is an 
industry standard, widely accepted 
by engineering service bureaus and 
semiconductor vendors. You'll also 
have access to both FutureNet® and 
other CAD systems for simulation 
and PCB layout. 

Call us today and learn how a 
FutureDesigner workstation gives 
you the flexibility and accuracy to 
design innovative products faster. 


1-800-247-5700 
Dept. 706 


FutureNet 


A Data |/O Company 
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EDITORIAL 57 


Although purchasing Fairchild leaves National with expanded 
markets, it’s worth looking at other aspects of the deal. 
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TIRED 
OF THE 
AME OLD 
CHIP? 


It’s the same old story. Static RAM suppliers come out with new claims based on, what else, speed. But, with 
everybody touting speed, they all start looking alike. Until you look at reliability. 

That’s where INMOS breaks the mold. 

At INMOS we understand how important speed is, but we also know it won't do you any good unless it’s 
ina static RAM that will last. That’s why INMOS has developed SRAMs that give you unmatched reliability 
without compromising performance. 

We've achieved that reliability with innovations like the use of layered aluminum and refractory metals to 
reduce the effects of electromigration and eliminate stress voiding. A technology that literally keeps devices trom 
wearing out. It also acts as a barrier to hillocks and inhibits silicon precipitates, virtually eliminating contaminates 
and interlevel shorts. 

At the transistor level, we use lightly doped drains to inhibit hot electron effects, yielding transistors that will 
last over a century. 

And our manufacturing flow is managed by one of the most stringent Statistical Process Control systems 
in the industry. So you’re assured of getting products that are consistent and reliability that is second-to-none. 

Our 25ns, 64K static RAMs have set the standards for both speed and reliability. And these standards will 
be extended even further with our family of 256K static RAMs. 

So if you’re tired of the same old line about the same old stuff, call INMOS. 


RELIABLE 64K CMOS SRAMs 


Se 


®) 


I AMOS 


INMOS, Colorado Springs, Colorado, Tel: (303) 630-4000; 
Bristol, England, Tel. (0454) 616616; 
Paris, France, Tel. (1) 46.87.22.01; 
Munich, Germany, Tel. (089) 319 10 28; 
Tokyo, Japan, Tel. 03-505-2840. 


inmos, i) and IMS are trademarks of the INMOS Group of Companies. 
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PAL devices: 
We didnt wait for the future. 


There's no doubt that we're fast. But speed 
isnt all that makes us the logical choice in 
programmable logic. 

AMD PAL* devices give you more 
because they have more functions per chip. 
With unique features like input/output logic 
macrocells, buried registers and variable 
product term distribution, you can design 
with more efficiency. And freedom. 


PAL devices you can count on. 


Speed and functionality dont mean 
much if you cant count on your PAL 
devices. We can deliver better than 987% 
programming yield. And we added extra 
circuitry for functional and AC testing. That 
means we can test parts prior to program- 
ming. Then after you've programmed all 
the parts, you'll be pleasantly surprised to 
discover our Post-Programming Functional 
Yield is an incredible 99.9%. 

Our products range from industry 
standard 20- and 24-pin PAL devices to the 
innovative 22V10 and the 23S8. We've got 
the kinds of technologies and features you 
need in packages and temperature ranges 
to fit your design. We've even got high- 
complexity E2CMOS products and ECL on 
the way. 

And it's easy to use our PAL devices 
because we provide a broad selection of 
high level software that lets you get from 
system requirements to programmed pro- 
duct easily Need more information? Just 
ask and welll send you the AMD Program- 


beret emi 


SS Performance Speed-Up mable Logic 
20-Pin PAL Devices Handbook. 
Propagation Now you 

Delay | Speed Level Date | dont have to 
25.0ns A Speed 4, 1981} wait for the 


15.0ns B Speed Q3, 1986 
10.0ns D Speed Q3, 1987 
7.ons E Speed 4, 1987 


*PAL is a registered trademark of, and is used under license from, Monolithic Memones Inc. 


Advanced > 
Micro Devices cl 


PO. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom. 


Bruxelles (32-2) 771 91 42 * Hannover area (49-5143) 50 55 
Hong Kong (852-3) 695377 * London area (44-4862) 22121 
Manchester area (44-925) 828008 * Milano (39-2) 3533241 
Miinchen (49-89) 41 14-0 + Osaka (81-6) 243-3250 + Paris (33-1) 49 75 10 10 
Seoul (82-2) 784-7598 * Stockholm (46-8) 733 03 50 * Stuttgart (49-711) 62 33 77 
Taiwan (886-2) 7122066 * Tokyo (81-3) 345-8241 * Latin America, Fort Lauderdale, 
Florida| U.S.A. Tel: (305) 484-8600 Thx: (510) 955-4261 amd ft! 
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future either. 


“ASICs CREATE 
SET OF TEST PROBLEMS 


WE NEED A WHOLE NEV 


NHOLE NEW 
JOESN’T THAT MEAN 
TEST STRATEGY ?” 


IT SURE DOES. 


It’s easy to see that the tremendous potential of ASICs has 
only just begun to be tapped. What's not so evident is the fact that 
developing these unique ASIC devices carries with it some unprec- 
edented test problems. Problems that traditional test approaches 
and traditional ATE simply are not equipped to handle. 

At ASIX Systems our focus has always been exclusively on 
ASICs. From the start we recognized the unique ASIC test problems. 
That's why we took an entirely different approach to solving 
these problems. For instance, we saw that adapting existing ATE 
to fit the needs of ASICs didn’t make sense. Designing a totally 
new, focused ASIC test system did. Test programs needed to be 
automated, developed from the design data base, and simple to 
change. The test system itself needed to be easy to use, designed 
for its particular environment, and a cost-effective alternative to 
the huge, expensive, complicated ATE. 


TEST SOLUTIONS FOR THE WHOLE ASIC COMMUNITY. 


Our unique perspective allowed us to understand that the 
ASIC world is not Design Engineers, Test Engineers and Quality 
Engineers performing separate functions. It’s actually a 
“community” of specialists whose tasks are intrinsically linked. 
So we made sure that we could provide another crucial element. 
Communication. In order to capture the vital time-to-market edge, 
what ASIC designers and vendors really need is the opportunity 
to use the same test programs and the same tester. Because when 
both environments are working from a common frame of reference 
there can be some real communication about test results. That's 
a whole new way of looking at ASIC testing. That’s the ASIX-1 
family of test systems. 


ASIX-1: ASIC TEST SYSTEMS THAT MAKE SENSE. 


This isn’t the place to tell you everything the ASIX-1 family 
has to offer. But here are a few things to think about: automatic, 
menu-guided programming; data base management; ATE archi- 
tecture and flexibility at an affordable cost; 256 true I/O pins; 
“zero footprint”; fully integrated PMU; automatic 
calibration; simple fixturing; no cabling; ; 
high MTBF. Enough. You get the point. 
You really ought to see the ASIX-1 for 
yourself. And the sooner the better. 
ASIX Systems Corporation + 47338 
Fremont Blvd « Fremont, CA 94588. 


CALL: 1-800-FOR-ASIX 


REAL ASIC TEST SOLUTIONS. 
FROM THE REAL ASIC TEST COMPANY. 
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For the best GaAs performance, 
testdrive a bord. 


At Ford, we know the true test of a product 
—performance and availability. Test us. Test drive 
our E/D Foundry. 

Our E/D self-aligned gate process will but you 
on the fast track with the highest performance 
IN tne industry. And it’s run in one of the largest 
production GaAs fabs in the world today. 

Our E/D Foundry Service Center provides full 
support—from concept to finished product. Test 
Our design consultation services. Use our com- 
plete foundry design tool kit, featuring GASSIM™ 
our proprietary circuit simulator. Finisn your pro- 
duct with our packaging and test. We'll meet all 
your special requirements. 

IF you need a test vehicle for your GaAs 
designs, try our E/D gate array. It’s over 1100 gates 
of fast track performance. 

Test our custom and semi-custom foundry 
services. Test our gate array. 

Test Ford just once. Call 1-800-824-0812, and 
we'll snow you how driving new technology will 
put you in the winner’s circle with your next 


product. 


Ford Microelectronics, Inc. 


10340 State Highway 83 North - Colorado Springs, CO 80908 
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GET US INVOLVED 
EARLY ENOUGH 
AND YOU’LL 
GET MORE 
THAN YOU 
BARGAINED 


Call us anytime and you're in 
line for hundreds of immediate 
“off-the-shelf” answers to 
specific interconnect 
requirements. 

That’s what you expect 
from us. After all, we do have 
one of the most extensive OEM 
connector lines in the 
business. 

But give us an “early” 
call—while you’re still 
designing your product — 
and see what happens. You get more than you 
bargained for. 

First of all, you get the combined talents of a 
team of experts made up of specialists in connector 
technology, quality control, assembly techniques and 
delivery operations. When they attack an intercon- 
nect requirement, they mean business. They look 
at the total picture. Product design. Assembly 


operations. Inventory 
requirements. The bottom line. 
Everything! 

Result? You get a total 
interconnect solution instead of 
just a connector. And whether 
it’s an “off-the-shelf”? connector 
or a totally new design, it 
almost always means lower 
installed costs. Improved 
product quality. Reduced 
ya inventory requirements and 
me fewer inspection requirements. 


Little things like that can have a big influence on 


your bottom line. 

So let’s get involved. Early. Make us a part of 
your design team —and you'll get more than you 
bargained for. The nice thing about it is that 1t may 
actually cost you less in the final analysis. Just call: 
1-800-633-0034 (Ext. 25), in Rhode Island: 
401-751-7450. See how fast we respond. 


> BURNDY 


Offices in principal cities throughout the United States 


VALUE BY DESIGN 
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If your present connector 
up to powerful VLSI chips 


What you see here are three hi-tech inter- 
connect solutions designed to the high I/O 
demands of VLSI technology. There’s a lot 
more where they came from. Solving high- 
density problems ts our business. 


In fact, we've been on the leading edge of 


that business—with such state of the art 
products as DIN Eurocard connectors, the 
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new SURFMATE" .025” Super Hi-Density 
Edge Card connectors, and ZIFLEX™ .050” 
ZIF connectors! And to anticipate your needs 
our engineers are constantly researching new 
approaches to hi-tech packaging problems — 
all aimed at helping you simplify design. Save 
real estate. Improve performance. And cut 
costs from design stage to final assembly. 


_.050” Hi-Density ZIF 
urface-mount separable 
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pin-out can't measure 
—here are 3 that will! 


So when it comes to high density inter- call or write: Burndy Corporation, 
connects—come to Burndy first. In the early Hi-Density Product Manager, 
stages of your design! Chances are we have an Norwalk, CT 06856 
“off the shelf” solution that can save you (203) 852-8425. 


valuable design time and eliminate a lot of 
the needless production headaches. For 


complete details or technical assistance = LJ rd NI m4 


regarding specific interconnect problems— 


Offices in principal cities throughout the United States 


Nance 
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IN THE FAR EAST: Burndy Japan Ltd., Shuwa Shinagawa Bldg., 26-33, 3-chome, Takanawée 
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ay “goodbye” to the memory limitations of your 
PC. Our new Vanguard Stellar CAE Design 
System just broke the 640KB memory barrier 
and makes full use of up to 16 megabytes of 
extended memory under DOS — 30 times more mem- 
ory for electronic design applications. Workstation 
performance on a PC— Now! Just another example 


of the CASE Technology edge. 
So phone CASE TECHNOLOGY at 415-962-1440 


for more information. 
20 
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Break through the 640KB Barrier on the PC 


E of Superior Performance 
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Or write to us at 2141 Landings Dr., Mountain View, 
CA 94043. 


And let us show you how to make a Superman of 
your system. 


CASE 
TECHNOLOGY 


“CAE Solutions Planned Right from the Start” 


For a Free Calendar Poster of this photograph, call 415-962-1440 
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GMOS MICROPROGRAMMABLE pP OPERATES on 145 mw 


| 232- 3200) has the same pinout and functions as AMD’s 29116 microprogrammable i 


anode. ‘If you need a little more speed, consider using the -1 version, which features an 
_-- 85-nsec cycle time. The SN74ACT29116 and SN74ACTR9116- 1 cost $50.4 40 and i $62. 50, 
Respectively. —Steven H Fevoson | | _ 


----'%41LS244. The IC costs $31 (10,000). The company offers a $149 evaluation kit con- | 
_ __- sisting of an EGA card or the IBM PC) that has a GC2O1 on board. —Steven H Leibson 
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~ EDITED BY JOANNE Gy 
8-BIT ADC AND 12-BIT DAC OFFER FAST CONVERSION SPEEDS 


The TKAD20C from Tektronix Inc (Beaverton, OR, (503) 627- 2515) combines an 3- bit 
ADC with a track-and- hold circuit, allowing you to sample a 125-MHz waveform at 250M : 
-samples/sec with 7- bit accuracy, including the effects of harmonic distortion, noise, 2 
and aperture jitter. Its 500 input impedance and g- -pF input capacitance allow the — 
_ device to follow high- -speed signals. The digital outputs are available as 8 bits at 250 MHz 

or 16 bits at 125 MHz. The device comes in an 84- -pin ceramic package and costs $750 
(100). The TKDA2OH, also from Tektronix, is a 12-bit DAC with a settling time under 30 
nsec. This device features complementary voltage and current outputs for applications 
requiring negative as well as positive signal values. You can also use the TKDA20H as s : 
multiplying DAC for signals as high as 10 MHz. $500 (100) bee Conner — 


‘Although the CMOS SN74ACT29116 from Texas Instruments ee TX, (800) _ 


the Tl device operates at a 100-nsec cycle time with amere 145 mW instead of the 2. 8w 
consumed by the bipolar 29116. In addition, the processor features a 30- -wW standby _ 


: ‘FAST, HIGH-CAPACITY HARD-DISK DRIVE IN CLUDES ESDI oR scsI” a 
-Miniscribe (Longmont, CO, (303) 651-6000) has jumped into the high- -performanc 
 hard- disk-drive market with its 9000 Series BY,4- -in. drives. The first two products ie 
the series, the ESDI versions of the 9230 and the 9380, store 203M bytes and 338M 
bytes, respectively; the corresponding SCSI versions store 207M and 347M bytes. Bot 
drives feature a 16- msec average access time and a 30,000-hour MTBF rating. The 
clamshell casting common to all drives in the series makes robotic assembly easier. 
The 9230 and 9380 cost $1400 and #1900 (1000), eens —Steven H Leibson — 


ELECTRONIC TIMER LETS you PRESET INTERVAL FOR SOFTWARE USE ) 


To prohibit unauthorized use of your software program, yet allow potential — 
customers to try or lease the program, consider using the DS1207 Electronic TimeKey 
from Dallas Semiconductor (Dallas, TX, (214) 450- 0400). The TimeKey contains a self. 
erasing memory that you can set to expire from one day to two years a ter the end | 
user first accesses data from its memory. A microchip in the TimeKey C yntains critical 
data that’s necessary to run your disk-based application program. The TimeKey plugs 
into the DS1255 KeyRing, which, in turn, plugs into the parallel port of the customer's s 
IBM PC or compatible computer; it doesn’ t interfere with normal ere Brera) 

_ The TimeKey costs ‘$10 (100). ae D Mosley — : _ _ 


SINGLE-CHIP GRAPHICS CONTROLLER EMULATES EGA 


The GC201 multimode graphics controller from G. 2 Inc (Milpitas, CA, (408) | | , 
943-0224) incorporates most of the circuitry required to implement a graphics sub-_ - 
system that emulates IBM’s Enhanced Graphics Adapter (EGA) for the PC, as well as" 
IBM’s Color Graphics Adapter (CGA) and Monochrome Display Adapter (MDA), and E er 
- cules Computer Technology’ Ss Monochrome Graphics Card. ‘To create a fom : 
subsystem with the chip, you need only add video RAM, a BIOS EPROM, and a 


NEWSB |AKS 


PC-BASED AUTOROUTER EMPLOYS THREE ROUTING ALGORITHMS See 

Pathfinder, an IBM PC-based pc-board design system from Bishop Graphics (Westlake a . 
Village, CA, (818) 991-2600), features an autorouter that uses the same three routing = 
algorithms used in high-end autorouters. The algorithms—probe, exhaustive search, 
and rip up and reroute—are user-selectable. In addition, the autorouter offers true 
first-time (or nonchamfered) 45° routing. To use the autorouter, you need the com- ee 
pany’s proprietary, 68000-based coprocessor board. “You. can route boardsofasmany 
as 16 layers on a 25- or 12-mil grid, so you can squeeze as many as three 6%-miltraces _ 
between DIP leads. The Pathfinder software sells for $1995; the standard autorouter 
software, with a 1M-byte, 8-MHz coprocessor board, costs $2995. The XL autorouter 
version, which has seven times the speed of the standard autorouter, is based on a 4M- 
byte, 25-MHz coprocessor board; it costs $5995. ies Ss 3 Conner 


SPEEDY, 5%-IN. WORM DRIVE STORES 654M BYTES 


Featuring a 75-msec average access time and a 1.5- -msec track-to- track seek time, the | e 
5’4-in., full-height Laserdrive 510 WORM (write-once, read- -many) optical disk drive 
from ines Magnetic Storage (LMS, Colorado Springs, CO, (303) 593-7900) can place ee 
527M bytes on one side of its ANSI-compatible cartridge. Thus, the $95, dual-sided —™” 
cartridge stores 654M bytes. The drive, which costs $2880, sustains a transfer rate. of ee . 
600k bytes/sec over its SCSI interface, and it can support a 1.5M-byte/sec burst rate eee 
from its 64k-byte buffer. LMS selected sampled-servo WORM recording for the drive; 
the company claims this approach allowed it to integrate the drive’s electronics wie 
the optics more easily, to relax design specifications for some components, and to | 
create a self-calibrating design.—Steven H Leibson 


LOW-POWER TRACK /HOLD AMPLIFIER OFFERS 1-ySEC ACQUISITION 

Requiring half the power that other 12-bit track-and- hold amplifiers need, the 
CS3l12 from Crystal Semiconductor (Austin, TX, (512) 445-7228) dissipates a max- 
imum of 200 mW. Using a RAM-based calibration scheme that automatically limits all 
internal dynamic and dc errors to less than 700 pV, the CS3112 maintains 12-bit ac- 
curacy throughout its operating life. Its on-chip hold capacitors confine droop to 0.001 
yVyusec. The device limits aperture jitter to 100 psec. Prices start at $8.90 (100); sample 
quantities are currently available from stock.—J D Mosley 


CUSTOM-POWER-SUPPLY VENDOR UNVEILS FOUR STANDARD MODELS 


After years of designing and supplying custom power supplies, the Components 
Group of Zenith Electronics Corp (Glenview, IL, (312) 391-8700) has jumped into the 
standard-power-supply market with four switch-mode offerings. The ZSP-40, -250, 
-00, and -400 supply 40, 250, 300, and 400W, respectively, and cost $45, $340, 
$555, and $405, respectively. The three larger power supplies feature onboard filtering 
designed to meet VDE 0871/Class B requirements and FCC Part J EMI requirements, 
and the ZSP-40 meets Class A specifications. They also feature four isolated outputs 
with magnetic-amplifier regulation on the three auxiliary outputs. You can adjust the 
primary output on the larger supplies from 4.5 to 5. OV; two of the auxiliary out- 
puts supply 10 to 15.5V, and the fourth output furnishes 4.75 to 5.25V. The ZSP-40 
has three fixed supply voltages of 5V and +18V. All supplies satisfy UL/CSA/IEC 380 
and VDE 0806 safety requirements.—Steven H Leibson 
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eed Reading. 


A big book, packed full of record breaking, highest performance, 
lowest power parts. 

Required reading for designers who are building faster systems 
that run cooley, and use less power. 

Read all about: 


CMOS high speed SRAM. From our 7ns 1K to our family 
of 25ns 64K SRAMs, with 30+ parts in 
between. 


CMOS high speed PROM. Reprogram- 
mable, if you wish. Ina family with 
speeds as fast as 25ns and in sizes to 128K. 


~ CMOS high speed PLD. Including the fast- 
est, coolest CMOS 22V10 with 25ns quarter 
power performance, and optional repro- 
érammable versions. 


~ CMOS high speed Logic. Highlighted by our 
30ns 16-bit slice, and our 35MHz FIFO family in 
— cool, cool CMOS. 


And read about: Our expanding military product 
— line. Our QuickPro™ for easy programming and 
diagnostics using any PC-compatible. Our newest 
products. And our applications notes. 

624 pages of parts and ideas you can use to design 
faster, cooler systems. 


~ Yours fast, for a toll-free phone call. 
1-800-952-6300, ask for Dept.C 48 
_ |-800-423-4440 (In CA), ask for Dept.C 48 
(32) 2-672-2220 (In Europe). (416) 475-3922 (In Canada). 


Cypress Semiconductor 3901 North First Street, San Jose, CA 95134. Phone (408) 943-2666. Telex 
821032 CYPRESS SNJ UD, TWX 910-997-0753. QuickPro is a trademark of Cypress Semiconductor. 
©1987 Cypress Semiconductor. 
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NEWS BREAKS: INTERNATION : 


CHIP SET CARRIES ISDN ON EXISTING SUBSCRIBER LINES 


By using adaptive-filter DSP techniques to perform echo cancellation at each end of a 
telephone line, the PCB2390 chip set from Philips’s Elecoma Div (Eindhoven, The 
Netherlands, TLX 51573; Signetics Corp, Sunnyvale, CA, (408) 991-4571) allows existing 
&-wire subscriber wiring to carry ISDN (Integrated Services Digital Network) informa- 
tion over distances as great as 8 km. 


The chip set allows for full-duplex transmission of two 64k-bps B channels of encod- 
ed voice or data and a 16k-bps D channel of signaling and low-speed data. It complies 
fully with the West German PTT’s Uxo specification for the CCITT U interface. In 
addition to its U interface, the chip set has an industry-standard IOM (ISDN-oriented 
modular) interface to connect it to circuits that implement other CCITT interface 
points. The &-chip CMOS implementation of the PCB2390 currently costs around $80, 
but its price is expected to fall to $50 by the end of 1988. A Ene -chip version is 
under development.—Peter Harold 


PLASTIC CONSTRUCTION PROVIDES LOW-COST PGA siocades 


Manufactured from pc-board laminates with conventional pe-board technology, 
plastic pin-grid array packages from Tectonic Products Ltd (Wokingham, UK, TLX 
84'7569) provide a low-cost alternative to ceramic types. The 100- -pin package currently 
costs around £5, but its price is expected to fall to around £2. 5 (10,000) within two 
years. By employing multilayer interconnect patterns and buried vias, the company 
has already prototyped packages with as many as 300 pins. | 


In addition to providing a standard range of packages that are plug- -compatible with 
ceramic PGAs, the company can also provide custom versions. For example, you can 
order a PGA with pins mounted underneath the semiconductor die; this arrangement 
allows you to use the entire undersurface of the package for the device’s pinout. You 
can also order a package that incorporates heat sinks.—Peter Harold 


52-BIT PERSONAL COMPUTER RUNS JAPANESE 08/2, MS-DOS 3.1 


The 80586-based PC-98XL2 personal computer recently introduced by NEC is the 
first to run the Japanese-language version of Microsoft’s 08/2 operating system. The © 
computer also runs MS-DOS version 3.1, and it’s compatible with the company’s 
PC-9800 Series. The system has 1.5M bytes of user memory, and it offers a 5.25k-byte 
dual-port graphics RAM; a 40M-byte, 51%4-in. hard-disk drive; and two 1M-byte, 5%-in. 
floppy-disk drives. It sells for ¥988,000 or $6914. —dJoanne ay 


OPTICAL TRANSMISSION MODULE OPERATES AT 2G BPS 


Hitachi has introduced an optical transmission module that operates at 8G bps. The 
module incorporates a semiconductor laser and has a gallium-arsenide (GaAs) drive 
circuit. Samples of two versions are currently available. One model uses a Fabry-Perot- 
type laser to transmit over a distance as great as 30 km; it costs $4414. The other uses 
a distributed-feedback laser, which allows it to send information over more than 40 
km; it sells for $8483.—Joanne Clay 
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DIES 


£2 


I Stand! 


They’Il do anything except 
roll over and play dead. 


Any size, shape, type switch you want. 
Miniature, subminiature or sub-subminiature. 
Choice of terminal types: QC, solder, 

crew, even “dogleg.” Anything from 
basic button to lever actuator, plus many 
‘ial actuator forms. If you need it, 


ACTUAL SIZE 


See us at WESCON/San Francisco, November 17-19, 1987 CHERRY BOOTH #517 
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power splitters 
combiners 


the world’s largest selection 
2KHz to 4.2GHZ from $995 


With over 150 models, from 2-way to 48-way, O° 90° and 180? a variety of pin and connector pack- 
ages, 50 and 75 ohm, covering 2KHz to 4200MHz, Mini-Circuits offers the world’s largest selection of 
off-the-shelf power splitter/combiners. So why compromise your systems design when you can 
select the power splitter/combiner that closely matches your specific package and frequency band 
requirements at lowest cost and with immediate delivery. 


And we will handle your 
“special” needs, such as 
wider bandwidth, higher 
isolation, intermixed “ 
connectors, etc. courteously 
with rapid turnaround time. 


A Division of Scientific Components Corporation 
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 
Of course, all units come with 


Our one-year guarantee. 


CIRCLE NO 220 


For detailed specs and performance 
Cata, refer to the MicroWaves Product 
Directory, Gold Book, or EEM. Or 
contact us for our free 64-page 
RF/IF Signal Processing Guide. 


C107-1 REV. ORIG. 
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where best-sellers begin. 


With one of the largest standard cell and gate array libraries, 
and a first-time success rate of virtually 100%, GE Solid State 
has all the tools you need to design leading-edge products. 


Our library of hundreds of verified cells and 
functions is one of the broadest in the industry. 

We have cells with effective gate length as 
small as 1.5 (.9u coming soon). And double-level 
metal for higher-density chips that handle higher 
clock speeds. 

You can choose from a wide range of Super- 
cells, including core micros, RAMs, analog func- 
tions and bit-slice processors. Right now, we're 
working on new editions, including Advanced 
CMOS Logic, EPROMs and high-voltage cells. 
Additionally, we can generate custom cells to meet 
your requirements. 

So you can easily reduce an entire system onto 
a single ASIC chip, and get the ASIC benefits of 
smaller power supplies, lower system cost and 
higher reliability. 

Plus a full library of gate arrays. 

If your design calls for gate arrays, you can 
select from a broad line with up to 13,000 gates. 
With alternate sourcing on the LSI/Toshiba 
series. 

Our gate arrays have effective gate lengths as 
small as 1.2. And they're compatible with the 
industry standard. 


Writing made easy. 

We've made it easy for you to write your best- 
selling design. 

Our designer-friendly software gets you up to 
speed in as little as the three days it takes to com- 
plete our training course. 

And our software supports the major worksta- 
tions in the industry, including Daisy," Mentor 


Graphics,™ Valid]™ P-CAD® and Future Net® 

Through the use of Twins, our transparent 
workstation interface system, you can complete or 
revise your design at practically any workstation. 

We're also in the forefront of silicon compiler 
technology. So we can offer you the ability to 
create designs that are heavily BUS-structured, 
with your ROMs, RAMs, PLAs and ALUs com- 
piled nght into the design. 


The best editors in the business. 

We know how important accurate perfor- 
mance modeling is to you. That’s why we’ve devel- 
oped the industry’s most advanced simulation and 
parasitic extraction programs, which make it easy 
to create designs that work. In fact, our first-time 
success rate is virtually 100%. 

And you can count on our ASICs specialists 
for technical support from design through pro- 
duction. One other thing you can count on with 
GE Solid State: there are no hidden charges in 
addition to your NRE. 


On the best-seller list for years. 

We've been the CMOS company since the day 
we invented the technology. We’ve produced one 
best-selling CMOS circuit after another. And built 
the industry’s broadest line of High-Rel CMOS 
parts, including super radiation-hardened 
Silicon-on-Sapphire. 

With all this behind you, think how easy it 
could be to design a best-seller. 

For more information, call toll-free 
800-443-7364, ext. 14. Or contact your local 
GE Solid State sales office or distributor. 


In Europe, call: Brussels, (2) 246-21-11; Paris, (1) 39-46-57-99; London, 0276-685911; Milano, (2) 82-291; Munich, (89) 63813-0. 


Daisy™ is a trademark of Daisy Systems Corp. 

Mentor Graphics™ is a trademark of Mentor Graphics Corp. 

Valid™ is a trademark of Valid Logic Systems Inc. 

FutureNet® is a registered trademark of FutureNet, a Data I/O Company. 
P-CAD® isa registered trademark of Personal CAD Systems, Inc. 


GE/RCA/ Intersil Semiconductors 


These three leading brands are now one leading-edge company. 


Together, we have the resources — and the commitment — 
to help you conquer new worlds. 


VME/PLUS gives 
view of your 


old on to your seat. The result is system through- | With no wasted overhead. And 
You're about to discover put that’s way ahead of no stalls. 
an entirely new level of VME anything else in the But that’s only the 
performance. And life in the fast | VME world. beginning. Take a look 
lane will never be the same. Think about the m at the newest 


Meet VME/PLUS. Our new possibilities member of the 
family of VMEbus products with | for real-time VME/PLUS 
a host of sophisticated applications. family, CPU 29. 
features For the first It comes with a 


time, you can 
squeeze every ounce of per- 
formance from every processor. 


powerful new real- 
time, multitasking 


monitor called VMEPROM” 


ME/P 


that will give your 
project the kind of performance 
you've only dreamed about. 
VME/PLUS starts with a 
68020 running at 25MHz without 
wait states. Complemented by 
IMB of local memory. There's 
also a new VSB interface on P2. 
Which lets you add lots of 
local memory and I/O without 
increasing bus overhead. 
You also get two serial ports 
and up to 4MB 
of EPROM. 
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ou a different 
competition. 


It’s resident in EPROM, SO the functionality [[cpu-29 cHaracteristics compatible. 
there's no license required. And | of many complex || Processor 68020/125 TO 25MHz || And guaranteed 
; —_ ° ° CO-PROCESSOR 68882/12.5 TO 25 MHz ° 
ICs into a single, ZERO.WAIT-STATE to cut the wait 
. : M 1 
135-pin device. || vwerrov Len states out of your 


What this new || coroy OTe 1 eSI@I Cycle. 
technology @ 1 WAIT STATE So if you’re 
means for you is |] seconoarnveus © || looking for the best 
unprecedented rsh way to stay ahead 
levels of speed and system of your competition and your 

: throughput, exceptional relli- deadline, take a close look at 
no extra charge. ability and—here’s the best VME;/PLUS. You’ll get the best 
CPU-29 also part — lower total system cost. performance for simulation 
incorporates a remarkable And if that’s not enough, systems, real-time graphics, 
new gate array that packs we also offer a full set of off- factory automation and many 
the-shelf peripheral boards other tough applications. 


and software. All VMEbus Give us a call today for our | 
a new 500-page, 1988 i 
data book. You'll 
on get such a great 
ies view of VME 
| performance, 
you ll never 
look back. 
1(800) BEST VME. 
In California, 


1(800) 237-8862. 


FORCE COMPUTERS, INC. 

727 University Ave., Los Gatos, CA 95030 
Telephone (408) 354-3410 

Telex 172465 Telefax (408) 395-7718 


FORCE COMPUTERS, GmbH 
Daimlerstrasse 9 D-8012 Ottobrunn 
Telefon (089) 60091-0 Telex 524190 forc-d 
Telefax (089) 6 097793 


© 1987 Force Computers, Inc. 
VME/PLUS and VMEPROM are trademarks of FORCE COMPUTERS, Inc. 
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THE ULTIMAT 
POWER SYSTEM 


“Ultimate’ . . . simply defined, it means the best! Without 
equal! And in the case of POWER-ONE's 1500W Power 
System, we think you'll agree the description fits. 

Specify Up To 15 DC Outputs. .. From Stock. Fully 
modular design allows the user to specify a proven multiple 
output power system from a wide selection of single, dual and 
triple output power modules. Virtually any combination of output vs 
and.current ratings, including UPS capabilities, can be delivered fro 
stock. No more time consuming and costly custom designs to conte! 
Industry's Highest Power Density. POWER-ONE's Internatio 
Power Series represents the most compact multiple output power © 
systems available today. Up to 1500 watts of multiple output power i 
an industry standard 5 x 8 x I1 inch fan-cooled package. 


On-Board UPS Capability. Only POWER-ONE offers a completely 
self-contained on-board Uninterruptible Power System module providing (800) 421-3439 Ext. 113 
unlimited battery back-up of up to 1000 watts of DC output power. Available : 

off-the-shelf, these standard UPS modules mount entirely within the Innapators ty Power Supply Technology” 


main enclosure of any POWER-ONE International High Power Series E9PHWeEr a one — 
model. , 


A True World Market Power System. The International High Power LC. Power SUPPLIES 


Series meets the toughest safety requirements of VDE, IEC, UL and CSA, 

plus the EMI limits of VDE and FCC. Along with worldwide AC input capa- ioe 2 appeared eee iat 83 
bilities, it is the clear choice for products marketed not only in the US., Phone: (805) 987-8741 « (805) 987-3891 
but internationally as well. TWX: 910-336-1297 * FAX: (805) 388-0476 


From ‘Californie: 


esse es 
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SIGNALS & NOISE 


EEs can use their talents 
in nonmilitary endeavors 


I write in response to the anony- 
mous letter in the August 20 issue of 
EDN, in which the writer bemoans 
the sorry history of his engineering 
career—nine layoffs in 29 years, fre- 
quent relocations, no retirement eq- 
uity, and inefficient use of his time. 
He concludes that he would not ad- 
vise anyone to choose engineering 
as a career. 

The writer views engineering 
first as a way to make money and 
second as a potentially challenging 
position. He disdains one who works 
“with a nonprofit foundation or so- 
cial-service organization, no matter 
how useful and needed it is, unless 
the social work is more important to 
him than income is.” The product of 
his work, and its potential benefits 
or damage to society, is irrelevant 
to him. The writer’s problem is with 
military engineering, not engineer- 


ing in general. 

What kind of profession have we 
become? Have our values deterio- 
rated to the point that money is 
all-important? If designing instru- 
ments for war is the most lucrative 
job, do we choose that—and then 
complain because the Pentagon dole 
is occasionally erratic? If that is 
engineering, then I am ashamed to 
be an engineer. 

Our nation—indeed, the entire 
human species—is faced with mam- 
moth problems. In health care, 
housing, nutrition, transportation, 
energy, communications, education, 
and other areas, engineering can be 
of enormous help toward improving 
our quality of life. Yet our govern- 
ment pours a million dollars a min- 
ute into machinery for death. Amer- 
ica’s economy and _ industrial 
infrastructure are collapsing; half 
our engineers and technicians work 
for the military, while our consumer 


electronics, cars, steel, and other 
products can’t compete on the world 
market. If that anonymous corre- 
spondent hasn’t been as successful 
as he would like in getting his piece 
of that torrent, perhaps he should 
be putting his skills to better use. 
At the least, he should under- 
stand those who use their time and 
talents to help their fellow humans. 
Not all of us are single-minded 
enough to pursue our economic se- 
curity as part of the most deadly 
war machine the world has ever 
seen, regardless of the conse- 
quences. 
Charles Scheiner 
President 
Peaceful Systems 
White Plains, NY 


Check your math 


Thank you for the September 3 pub- 


lication of my article “Low-cost 
Text continued on pg 38 


Optional raci >q 
includes 68881 EF 


Point Coprocessor 


Take Heurikon’s HK68/V2F for a test-lap today. 
Call toll-free: 1-800-356-9602 (ext. 91 2). 


3201 Latham Drive =» Madison, WI! 53713 
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THE NEW GRAPH 
| WORKSTATIONS THAT RAISE 
YOUR SIGHTS WITHOUT 
_ CHANGING YOUR STANDARDS. 
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Combine Tek’s unsurpassed 
graphics capabilities with the 
leading industry standards, 
and you have a breakthrough 
in workstation performance. 
A breakthrough achieved by the 
optimum combination of a 32- 
bit compute engine and 32-bit 
graphics engine. A graphics 
engine featuring parallel 
pipelined architecture with five 
custom gate arrays to make you 
more productive than ever: 
450,000 2D vectors/second 
340,000 3D vectors/second; 
and 20,000 Gouraud shaded 
polygons/second. 


Add to that horsepower the 
security of industry standards 
like UNIX, 68020 processors, 
Ethernet, TCP/IP, X Windows, 
and Tek quality. Plus com- 
patibility with more than 300,000 
PLOT 10® applications. And 
finally, the flexibility to mix and 
match the world’s broadest line 
of compatible standalone work- 
stations and high-performance 
terminals. 

Whether your need is for 
bit-mapped or vector graphics, 
software engineering or 2D 
drafting, 3D shaded surface 
modeling, or true stereoscopic 


SS 


3D viewing, Tek’s 4300 Series 
has an answer. 

Let us raise your sights to the 
new graphics workstations that 
won't change your standards. 
For more information on the 
4300 Series, contact your local 
Tek representative today. 

Or call 1-800-225-5434. 
In Oregon, 1-235-7202. 


COMMIT TED TO EXCELLENCE 
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quad op amps boost circuit perfor- 
mance” (pg 218). An error appears 
in that article on pg 215 in the last 
three lines of the second paragraph. 
What twice appears there as V2 
should be V3. 

Jerald Graeme 

Burr-Brown Corp 

Tucson, AZ 
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Gate-array update 


Please make the following correc- 
tions to EDN’s gate-array directo- 
ry, which begins on pg 134 of the 
June 25 issue. The address given on 
pg 185 for Motorola Inc is incorrect. 
The current address is Motorola 
Inc, ASIC Div, 1800 N Alma School 
Rd, Chandler, AZ 85018; phone 
(602) 821-4426. 

Further, the Motorola entry in 
the table of MOS digital arrays (pg 
146) lists some old information. The 
CMOS gate arrays currently avail- 
able are the HCA62A00 Series. The 
company no longer makes 3-y~m 
CMOS gate arrays. 


product performance. Imagine a 

temperatures from — 55° to +10 
voltage with a flat discharge profi 
a free brochure: 495 Boulevard | 
796-4800. Telex: 138-0292. —s 


}Ce2j Powe 
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Technipower 
“Mil- Qual’’ Trip le Outp ut Correction 
Switching Si cuonilos The Technology Update entitled 


“Automatic test generators for 
PLDs clean up your logic designs” 
lists an incorrect address for Struc- 
tured Design Inc. The company’s 
current address is 333 Cobalt Way, 
. : : Suite 107, Sunnyvale, CA 94086; 
. ae ee phone (408) 736-2191. 


YOUR TURN 


EDN’s Signals and Noise column 
provides a forum for readers to 
express their opinions on issues 
raised in the magazine’s articles or 
on any topic that affects the engi- 
neering industry. Send your letters 
to the Signals and Noise Editor, 275 
Washington St, Newton, MA 02158. 
We welcome all comments, pro or 
con. All letters must be signed, but 
we will withhold your name upon re- 
quest. We reserve the right to edit 
letters for space and clarity. 


Repairal 


ficiency and size of a: witcher I ihe Choose from 20 models which meet 
of a linear — all in a compact Mil-704, Mil-901 and other standards, 
! Avelabie in AC/DC and DC/ have transient protection plus power 
ranges from 20 to 300W. 5 year warranty. 

Send for details. | 


dbs We Do The Job Right! 


TECHNIPOWER 


A Penril COMPANY 
is om. Full power is polio at max P.O. Box 222, Commerce Park, Danbury, Conn. 06810 
operating temp., to 95°C, no derating. Phones: (203) 748-7001; In Calif. (805) 493-2244 
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New MULTILYTHIC® integrated ceramic circuits combine the advantages of 
eerie integration .. . fewer solder joints . . . reduced inductance . . . smaller 


® size... increased reliability ... with the benefits associated 
with fewer manufacturing steps. Sprague’s innovative 
MULTILY THIC* 


process incorporates layers 
of capacitors, ground planes, 
interconnect structures 
KMS 9 and vias In a single, 
© monolithic circuit 
substrate. MULTILYTHIC® circuit surfaces are used for both active and passive devices such as thick-film resistors, 
transistors, diodes, IC chips, varistors, and inductors. Right now, Sprague is working with automotive, aerospace, defense, 
telecommunications and computer manufacturers to achieve unique MULTILYTHIC® circuit packaging solutions to 
space/reliability problems. We're ready to work with you today to develop application specific devices for your special 
circuit packaging needs. 
For applications assistance, call your Sprague district sales office or representative. 


For technical information, write to Technical Literature Service, Sprague Electric Company, 


P.O. Box 9102, Mansfield, MA 02048-9102. 
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S LAW OF 
POWER SUPPLY 
AND DEMAND 
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ACME 


ZC 400W air, 300W convection 
CF Five factory/user-adjustable outputs 


Outputs ne ee eo ae ae ae 
Vdc 75 +5% : 12-24 : 5-15 : 5-15 : 5-15 
Current Ai: 50 Ole 0 ee eb 
Gurrent Conv: 405: "6 = 67: eG 


C1 +0.2% regulation on all outputs 

1 The most compact unit on the market - 
measures only 13” 

O UL, CSA, IEC and TUV approved. FCC and 
VDE approved for noise level A. 

ZC Power fail and remote inhibit standard 


Hi’ 


Acme Electric 
Power Products Group 
Cuba, New York 14727 

(716) 968-2400 
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Picosecond sand. 


Silicon now flies at 330 ps. 
ECLiPS" logic. 


Youve pushed VLSI design limits hard. 

But off-the-shelf ECL logic cant keep up. 
VLSI-compatible logic functions are 
dreams. And gallium-arsenides cost is 
beyond belief. 

Your high-end roads in quagmire. 
ECLiPS will move you more than 
twice as fast with no more power. 

ECLiPS. ECL in picoseconds. 

An advanced technology offering nearly 
a fourfold increase in speed-power product 
over previous ECL families. 

ECLIiPS internal gate delays are typically 
100 picoseconds, pin-to-pin delays 330 
picoseconds or less and basic clock-to-Q 
delays just 550 picoseconds. 


rae re wo 


Speed-ns 
Gate-tpd (typ.) | 0.33 10  |0.75/0.95* 


F-F Toggle 
MHz (min.) 


Pwr Dissipation 

mW/gate 35/32** 44/40** 

Speed-Power 

Product-pJ 11.5/10.5** 42/30** 
pos | w | 


That's more than twice as fast as 
MECLI10KH or 100K, with which ECLiPS 
is fully compatible, and well within GaAs 
performance domains. 

Equally important, toggle rates are 600 
MHz minimum, so flip-flops can keep up 
with throughput expectations. 

Whats more, ECLiPS chips have an 

age dissipation of only 0.5 W—a fig- 
aerit that means lower power for an 

‘unction at twice the speed. 

vels are consistent with air 


Edge Speed 
Tr, Tf-ns 


* Flat/DIP package 
**Vee=-§.2V/-4.5V 


the right functions, just the 
right package. 


We made a fresh start in function 
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we —_ 
1:9 Differential Low Skew, 


Clock Driver Enable, Vbb 
9-Bit Shift Register, | Async. Reset 
500MHz 


General 
Output |} Sam- 
Type | pling 
Diff. Now 


6-Bit 2:1 Mux-Latch | Common 
Enable, 
Reset 


Async. Reset 


9-Bit Hold Register, 
500MHz 


3-Bit Registered | 250hm 


Cutoff Bus XVCR Cut off 
Outputs 
6-Bit D Register Common 
CLK, Reset 
6-Bit 2:1 Mux- Common 
Register CLK, Reset 
5-Bit 2:1 Multiplexer} Common 
Select 
5-Bit 2:1 Mux-Latch | Common 
Enable, 
Reset 
4-Bit D Flip-Flop Individual 
CLK, Reset 


3-Bit 4:1 Multiplexer | Split Select 
3-Bit 4:1 Mux-Latch | Common 


Enable, 
Reset 
12-Bit Parity Register- 
Generator/Checker] Shiftable 
6-Bit D Register, Vbb, Com- 


Diff. Data & Clk mon Reset 


Inputs 


All resets are asynchronous. Diff. = Differential, 
SE = Single Ended. 


Name 
Title 
Company 
Address 


City 


TT 


Country 


definition. ..we asked major ECL users 
what they wanted. 

Designers focused on these 14 specific 
circuits necessary for computer-based 
architecture of the 90's as well as other 
systems. 

Future introductions are targeted for 
communications, instrumentation and 
high-performance ATE applications. 

ECLiPS shows you the way to go, not the 
way youve been. 

As for package, 28-pin, surface- 
mountable PLCC is the obvious choice for 
system-level performance. It's a space- 
efficient vehicle with minimized capacitive/ 
inductive effects and maximum oppor- 
tunities to suppress noise and ease design 
through multiple VCCOs. Package pinouts 
are designed for optimum flowthrough 
minimizing routing headaches. And PLCC 
accommodates complex ECLiPS circuits, 
including 9-bit-wide data paths. 

Some ECLiPS devices are available with 
differential inputs and outputs, too. 

For more information 


on ECLiPS, contact — Werte 


your nearest Motorola 
sales office or send the al 
coupon to Motorola J 


Semiconductor 
Products, Inc. 


ur 
n-in 
team. 


(S) MOTOROLA 


Write To: Motorola Ltd., European Literature Centre, 88 Tanners Drive 
Blakelands, Milton Keynes MK14-5BP, United Kingdom 
Please send me more information on Motorola ECLiPS. 


| 
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DELAYS... 


POWERY... 


..-REFLECTIONS!. 
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...PLACEMENT?... 
.. LINE WIDTH?...PLACEMENT?... 
CORNERS, STUBS?... 


Let’s face it. Everyone on the team may agree in principle 
on what the final design should be, but the design almost always 
loses something in the translation between engineering and layout. 

The solution to this confusion is Rules Driven Design, 
Valid’s new methodology for integrating CAE with IC/PCB design. 
Simply put, it communicates the design engineer s intentions to 
the layout designer at the beginning. 

Using Rules Driven Design, engineers capture more than a 
schematic — they capture design intentions which help guide the 
layout of the critical parts of the design. These intentions or 
“rules’’ get transmitted clearly to the layout system via the database. 
The rules define the criteria for a circuit's logically-correct 
floorplan, critical nets, noise-free connections and more. 

Now the layout designer can develop a layout that follows 
the design as originally conceived, not just as it was diagrammed. 
For example, Rules Driven Design allows automatic placement 
to convert logical groupings to a physical floorplan quickly, while 
pairing important functions close together. Automatic routing 
can then prioritize and implement critical connections. 

Rules Driven Design makes it easier to meet schedules. Theres 
synergism between new engineering technologies and design 
rules. And design reviews are minimized. It all adds up to better 
designs at lower cost by doing them right the first time. That 
translates to success in any language. 

For a free brochure, call 1-800-821-9441. In California, call 
408 /432-9400, Ext. 311. 


VALID 
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© 1987 Valid Logic Systems, Inc. 
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Single Output Up To 400A 


RELIABLE SYSTEM 


Case 10 


750 to 2000 Watts 
By 8”x 11 " 
N +1 Redundancy 


AC and DC 
Inputs 


1 to 5 Outputs 


J0A Auxiliary Mag 
Amp Output Ch 2 


For 5x8x11 “slot” switching power 
supplies from 750 to 2000 Watts, 
the Qualidyne Case 10 is all you 
need to know. MTBF of 150,000 
hours. Single or multiple (up to 5) 
fully regulated outputs from 2 to 48 
VDC. Precision paralleling for N+1 
redundancy. AC and DC input volt- 
ages. Safety listings from UL, CSA 
and TUV. Compliance with IEC 
380 & VDE 0806. FCC 20780 
Class A filtering. Nothing fancy, 
just reliable slot power— period. 
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"THE SWITCHER FIT FOR YOUR NEEDS ~ 


Qualidyne 


Qualidyne Systems, Inc. 
3055 Del Sol Boulevard, San Diego, CA 92154 
(619) 575-1100 Telex: 709 029 FAX: 619 429 1011 
(800) 445-0425 in Calit. (800) 237-6885 
CIRCLE NO 9 
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CALENDAR 


Advanced SMT Design Techniques 
(short course), San Jose, CA. Sur- 
face Mount Technology Plus, 1786 
Technology Dr, San Jose, CA 95110. 
(408) 943-0196. November 16 to 17. 


Designing Signal Processors with 
DSP and Bit-Slice Chips (short 
course), Anaheim, CA. Integrated 
Computer Systems, Box 3614, Cul- 
ver City, CA 90231. (800) 421-8166; 
in CA, (213) 417-8888. November 17 
to 20. 


Troubleshooting Microprocessor- 
Based Equipment and Digital De- 
vices, Norfolk, VA. Micro Systems 
Institute, 73 Institute Rd, Garnett, 
KS 66082. (800) 247-5239; in KS, 
(913) 898-4695. November 17 to 20. 


9th Interservice/Industry Training 
Systems Conference, Washington, 
DC. Ralph Nelson, ADPA, Rosslyn 
Center, Suite 900, 1700 N Moore St, 
Arlington, VA 22209. (703) 522-1820. 
November 30 to December 2. 


Hands-On Graphics Programming 
Using GKS/VDI Tools, Washing- 
ton, DC. Integrated Computer Sys- 
tems, Box 3614, Culver City, CA 
90231. (800) 421-8166; in CA, (213) 
417-8888. December 1 to 4. 


Troubleshooting Microprocessor- 
Based Equipment and Digital De- 
vices, Oklahoma City, OK. Micro 
Systems Institute, 73 Institute Rd, 
Garnett, KS 66032. (800) 247-5239; 
in KS, (913) 898-4695. December 1 
to 4. 


IEEE International Electron De- 
vice Meeting (IEDM), Washington, 
DC. Courtesy Associates, 655 15th 
St NW, Suite 300, Washington, DC 
20005. (202) 347-5900. December 6 
to 9. 


Lasers ’87, Lake Tahoe, NV. Socie- 
ty for Optical and Quantum Elec- 
tronics, Box 245, McLean, VA 
22101. (703) 642-5835. December 7 
to 11. 
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The CAE tool with fully interactive 


Spectrum Software’s MICRO-CAP II® is 
fast, powerful, and feature rich. This fully 
interactive, advanced electronic circuit 
analysis program helps engineers speed 
through analog problems right at their 
own PCs. 


MICRO-CAP II, which is based on our origi- 
nal MICRO-CAP software, is a field-proven, 
second-generation program. But it’s dra- 
matically improved. 


MICRO-CAP II SCHEMATIC EDITOR 


Schematic Editor 


MICRO-CAP II has faster analysis routines. 
Better resolution and color. Larger librar- 
ies. All add up to a powerful, cost-effective 
CAE tool for your PC. 


The program has a sophisticated inte- 
grated schematic editor with a pan capa- 
bility. Just sketch and analyze. You can step 
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Transient Analysis 


component values, and run worst-case 
scenarios—all interactively. And a 500-type* 
library of standard parts is at your finger- 
tips for added flexiblity. 

MICRO-CAP II is available for IBM® PCs 
and Macintosh.” The IBM version is CGA, 
EGA, and Hercules® compatible and costs 
only $895 complete. An evaluation version 
is available for $100. Call or write today for 
our free brochure and demo disk. We'd like 
to tell you more about analog solutions in 
the fast lane. 


M@ Integrated schematic editor 

M@ Fast analysis routines 

M@ High-resolution graphic output 

@ Standard parts library of 500* types 
*IBM versions only. 


CIRCLE NO 207 


analog simulation for your PC. 


™@ Transient, AC, DC, and FFT routines 
M@ Op-amp and switch models 

™@ Spec-sheet-to model converter* 

@ Printer and plotter* hard copy 


AC BODE PLOT 
TEAPEHATURE= 27 CASE= 1 


18% 


er gece 
FREQUENCY IN HZ 


= 166 .G0088D+82 HZ Sain = -111.362 BB 


ees Group delay= 
in = 


az . exy Sex 
= ~259 SH661E-Gi DS/OCT Peak gai > 4.82998/F= 166. SRARHD+GT 


1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 


(408) 738-4387 


MICRO-CAP II is a registered trademark 

of Spectrum Software. 

Macintosh is a trademark of McIntosh Laboratory, Inc. 
and is being used with express permission of its owner. 
Hercules is a registered trademark 

of Hercules Computer Technology 


IBM is a registered trademark 
of International Business Machines, Inc. 
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Smart telecom designers. 
Want to get a little smarter? 


The S19100. 

A switchmode 
power IC that 
delivers | watt 
at >80% 
efficiency. 


The D/CMOS Si9100 switchmode regulator provides all the 
functions of a one watt power supply, on a single chip. It’s a 
unique combination of high-voltage start-up circuitry, a power 
MOSFET output switch and current-mode PWM control cir- 
cuitry. Now you can convert high-voltage, unregulated DC (up 
to 70 V) to low-voltage output with >80% efficiency. The result: 
better circuit performance, on less board space, with improved 
system reliability and reduced cost. 

It’s smart to think Si9100 when designing smartphones, 
PABXs, ISDN terminals, modems and distributed power tele- 
communication systems. 


ISDN FLYBACK CONVERTER EFFICIENCY §=—»- /"" out how this type of 
90 sc efficiency is achieved! 


~ 
© 


paper on this ISDN 
_ converter. 


8 — Call our hotline and ask 
= 60 for the Si9100 response 
package. Well include a 
ce 

= 


0 20 00 19 1.0 
WATTS 


Call 1 (800) 554-5565, Ext.622 “ for a free sample of 

the Si9100. Dial our toll-free hot line now! Ask for your free 
Si9100 package. It includes your Si9100 sample, datasheet and 
application notes. 


¥F Siliconix 
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2201 Laurelwood Road, Santa Clara, CA 95054 © 1987 Siliconix 
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Hands-On Graphics Programming 
Using GKS/VDI Tools, Los Ange- 
les, CA. Integrated Computer Sys- 
tems, Box 3614, Culver City, CA 
90231. (800) 421-8166; in CA, (213) 
417-8888. December 8 to 11. 


Microcomputer Graphics Confer- 
ence, New York, NY. Expoconsul 
International, 3 Independence Way, 
Princeton, NJ 08540. (609) 987- 
9400. December 16 to 18. 


Third Annual Battery Conference 
on Applications and Advances, 
Long Beach, CA. Cecile Duong, De- 
partment of Electrical Engineering, 
California State University at Long 
Beach, 1250 Bellflower Blvd, Long 
Beach, CA 90840. (218) 498-4605. 
January 12 to 14. 


Modern Electronic Packaging 
(seminar), Orlando, FL. Technology 
Seminars, Box 487, Lutherville, MD 
21093. (801) 269-4102. February 9 
to 11. 


Unix Technical Conference, Dal- 
las, TX. Usenix Conference Office, 
Box 385, Sunset Beach, CA 90742. 
(213) 592-1381. February 9 to 12. 


Compcon Spring (33rd IEEE Com- 
puter Society International Confer- 
ence), San Francisco, CA. Hasan 
AlKhatib, Dept of EECS, Santa 
Clara University, Santa Clara, CA 
95053. (408) 927-1818. February 29 
to March 4. 


Modern Electronic Packaging 
(seminar), Torrance, CA. Technolo- 
gy Seminars, Box 487, Lutherville, 
MD 21093. (801) 269-4102. March 16 
to 18. 


American Power Conference, Chi- 
cago, IL. Robert Porter, Chicago 
Institute of Technology, Chicago, 
IL 60618. (812) 567-3202. April 18 
to 20. 
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A THERMOSTAT 
IS A THERMOSTAT... 
YOU’RE RIGHT! 


ANY WAY 
YOU NEED IT! 


It’s how you use it that makes it 
special. 


At Canadian Thermostats, we 
know that thermostats should be 
designed around your needs, you 
shouldn’t have to design your 
needs around a thermostat. 


We can offer you Microtherm’s 
high quality, customized thermal 
protectors for all your requirements. 
A wide range of options for just 
about every type of application that 
requires thermal protection, current 
limiting, etc. 


For more information, contact: 


CANADIAN THERMOSTAT & 
CONTROL DEVICES 

8415 MOUNTAIN SIGHTS AVENUE 
MONTREAL, QUEBEC H4P 2B8 


TEL: (514) 739-3274 
TLX: 05-825619 


CanTmHenRnM 
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X.25 Software 


Before you make a decision, make a 
phone call. 


C source code license 

« Rsys"™ PAD option 

¢ Certified—Telenet, Tymnet, DDN, 
European PTTs 

¢ Multiple X.25 line capability 

¢ On-line configuration 

¢ Runson any hardware for which aC 

compiler exists 


One phone call can save you tens of thousands of dollars and 
cut many months off your product development schedule. Let us 
give you more details on the benefits of Gcom X.25 and show you 
how affordable superior data communications software can be. 


Gcom, Inc. 
Specialists in Computer Communications 
County Bank Plaza, 102 E. Main, Suite 509 

Urbana, IL 61801 

Phone (217) 328-7800 

Telex: 910-240-1477 
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SAMTEC —- YOUR BEST BUY 
IN INTERCONNECTS! 


ADDED VALUE 

really makes & 
Samtec a 
different breed 
of cat. 


DIP sockets, capacitor sockets, 


adaptor plugs. Square socket strips, 


board spacers. 


Pin grid 
array sockets. 


Samtec’s fair price and ADDED VALUES 
give you more for your money in 
Ways that real ly Cou nt! : Sam Shine, Proprietor 


ADDED VALUE-Triple in- 


= GO spection of all parts—before 


and after assembly and during 


os packaging. You get the right 
(O1¢ components in perfect con- 
dition. 


ADDED VALUE -Fast, friend- 
ly sales and order entry 
staff. Technical answers by 
trained people who know 
Samtec products as well as 
competitive units. 


ADDED VALUE-Delivery 
when you need it, as prom- 


notification 3 days ahead if 


Now, with all of these unique Samtec ADDED VALUES— 
can you afford to buy your critical interconnect devices 
on price alone? More and more smart specifiers realize 
that avoiding problems before they occur far outweighs 
the initial apparent price savings. Quality is remembered 
long after price is forgotten. 


ised—without excuses. Phone 


shipping date is changed. You 
always know your order status. | 


©Samtec, Inc. 1987 EUROPEAN 
HEADQUARTERS: phone: 02367 39292 FAX: 2367 27113 TLX: 776158 


SUDDEN SERVICE 


WORLDWIDE 
HEADQUARTERS: 


ADDED VALUE-Your “Sud- 
den Samples’”’ will be sent 
within 24 hours. You will al- 
ways Rnow the part is right 
before you order. 


ADDED VALUE-Zero fail- 
ure rate for Samtec intercon- 
nects. This is reported by Sam- 
tec customers—demanding 
OEM's, large and small. 


ADDED VALUE-Careful, 
tested packaging that assures 
perfect, on-time delivery. 
Member, ‘National Safety 
Transit Authority.’ 


Interconnect Guide plus New 
72-page Catalog. Guide is valuable 
reference for keeping up with new 
interconnect products and applica- 
tions. New Catalog has specs on all 
Samtec interconnects. 


SAMTEC, Ltd. 35 Deerdykes View, 
Westfield, Cumbernauld, Scotland G68 9HN 


SAMTEC, Inc. P.O. Box 1147, 810 Progress Blvd., 
New Albany, IN 47150 USA Phone: (812) 944-6733 
TWX: 810-540-4095 TLX: 333-918 FAX: 812-948-5047 
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Light stabl 
= now use the PC/ABS blend Bayblend. 
) This is a thermoplastic noted for its high 
D as i CS - light stability, good flame retardance and 


high heat resistance. 


The Bull Questar 210 computer cabinet 
made of Bayblend 

If you’re looking for the right material, 
why not do as Bull’s design engineering 
department did: talk to Bayer! 


For the cabinet of the Questar 210, Bull 


Bayer has one of the world’s biggest 
ranges of high-performance engineer- 
ing plastics: 

®Apec (PAR), °“Bayblend (PC + ABS), 
®Bayfol (PC blend film), 
®Baygal/©Baymidur (PUR casting resins), 
®Desmopan (TPUR), °Durethan (PA 6, 
PA 66), °Leguval (GR-UP), °Lekutherm 


ELGEBUe 
(EP), °Makroblend (PC blends), 
fro mM 5 U : { ® ®Makrofol (PC film), °Makrolon (PC), 
- ®Novodur (ABS), °Petlon (PET), 


®Pocan (PBT), ®Tedur (PPS). 


Whether it’s light stability, flame retard- 
ance or some other property you need: 


sano ; a ; k tO B rs | er Talk to Bayer, and together we'll find 
: és the answer to your material problems. 


For more information write to: 


Bayer AG, AV-Informationsvermittlung 
Postfach 800149, D-5000 Koln 80 


at ii i y 
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Making this socket for automatic placement 
stumped the competition. 


This socket had been made by a major RN 
competitor. New, more stringent customer 
specs needed for automatic placement of the 
socket on PC boards, stumped this supplier as 
well as many others. The “RN P/Q TEAM” 
working with customer engineers, responded 
quickly with modifications of a standard socket 
that included more precise dimensions and 


consistent quality in higher production quantities. 


RN is now delivering precision, high reliability 
sockets to this major OEM for high speed, auto- 
matic assembly. 

This is the “RN Partners in Quality Team” 
in action. It brings all of our engineering, pro- 
duction and quality control resources together 
with customer experts to solve socket and 
connector problems with speed and efficiency. 
Call on the “RN P/Q TEAM” for fast, certain 
solutions to your interconnect problems. 


FeobiInsos 


- Mugqent 
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This is the socket that competitors could 
not make precisely enough to be assembled 
automatically. It is a modestly priced ICO series 
DIP socket. RN modified it to rigid customer 
Specs and now produces it in large quantities 
of unvarying quality that meet the precise require- 
ments of high speed assembly. Just one more 
example of the RN “Partners in Quality Team” 
solving difficult customer problems. 
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800 East Eighth Street, New Albany, Indiana 47150 ¢ Phone: (812) 945-0211 FAX: (812) 945-0804 
In Europe: Rue St. Georges 6, CH 2800 Delemont, Switzerland « Phone: (066) 22 9822 FAX: 011-41-622-9813 
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Application Specific PGA Sockets 
Robinson Nugent offers a wide variety of Pin Grid Array 
Sockets for your ASIC’s. They feature: High temp bodies for 
wave soldering * Disposable pin carriers for zero profile 
contacts e Sizes, 8x8 up to 21x21 with unlimited configurations 
e Extraction tools available « Molded standoffs for socket 
body. Write today for complete new PGA catalog. 
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“The ‘RN P/Q TEAM’ con- 
cept brings all of our design, 
engineering and produc- 
tion skills to bear on your 
unique socket/connector 
problems. We work closely 
with your people to create 
solutions that are delivered 
on-time and defect-free. 


You have my personal 
guarantee on it.” 


2 


R.A. Lindenmuth 
President/CEO 


The “RN P/Q TEAM”...your Partners in Quality 


Write or call today for the com- 
prehensive new brochure: “The RN 
P/Q Team in Action” You'll learn 
how smart companies are putting 
the brains, resources and experi- 
ence of RN engineers to work to 
solve tough interconnection prob- 
lems with speed and efficiency. 
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OPTICAL 
ILLUSION. 


People have been talking 
about optical drives for years. 
But have you ever actually seen 
one work? 

Well, now you can. 

Because while others were 
talking about optical drives and 
solutions, Maxtor was devel- 
oping them. And now we're 
shipping our 800MB 54-inch 
optical WORM drive in volume. 

It’s the first in our family of 
optical drives. And it’s perfect 
for high-volume back-up, 
image or archival storage. 

It's offered with a full com- 
plement of integration software 
and hardware, including media, 
cable and host adapter. Or it’s 
available as a fully-configured 
plug-and-play mass storage 
subsystem. 

Either way, it’s fully compatible 
with most popular computers. 

So don't wait to make optical 
drives a reality for your system. 

Contact the Maxtor distributor 
or Sales office listed below for 
complete technical 
and ordering infor- 
mation. 

Because 
seeingis \ . 
believing. ee 


Sales offices: Atlanta (404) 455-4226, Austin (512) 345-2742, Boston (617) 872-8556, New Jersey (201) 747-7337, 
Orange County (714) 472-2344, San Jose (408) 435-7884, Woking, England (44)/4862-29814, Tokyo, Japan 81-3-431-8940. 


Distributed by Anthem Electronics, (714) 768-4444, (408) 295-4200, (617) 657-5170, Future Electronics, (514) 694-7710, Pioneer Standard Electronics, Inc., (216] 587-3600, 
(301) 921-0660, Quality Components, Inc., (214) 733-4300, Storex Corporation, (617) 769-3400, Storage Dimensions, Inc., (408) 395-2688. 


© 1987 Maxtor Corporation 


56 CIRCLE NO 203 


EDN November 12, 1987 


EDITORIAL 


Who won, who lost? 


In the weeks past, semiconductor-industry observers and analysts have 
been discussing the merits of National Semiconductor’s purchase of Fair- 
child Semiconductor Corp. They’ve also been mourning the loss of Fairchild 
as one of the industry’s entrepreneurial incubators. Instead of simply 
touting National as a big, revitalized semiconductor supplier, it’s worth 
looking critically at some of the real winners and losers in the transaction. 

Clearly Schlumberger was a loser—it never realized a profit from 
Fairchild after purchasing it for $425 million in 1979. In 1986, Fujitsu 
offered Schlumberger between $200 and $250 million for 80% of Fairchild. 
But the deal fell through because of concerns on the part of the Department 
of Defense and individuals in the US semiconductor industry about foreign 
—that is, Japanese—ownership of critical technology. It was convenient to 
forget that Schlumberger was a foreign company, too. In the end, Schlum- 
berger exchanged $122 million of National’s stock for Fairchild. 

Don Brooks, Fairchild’s president, and other top management also lost. 
They and Citicorp Venture Capital offered $225 million in a leveraged- 
buyout package that Schlumberger turned down without room for further 
negotiations. Brooks and Citicorp thought they could turn Fairchild into a 
_ ai profitable venture by next year. But they never got a chance to try. Perhaps 
they’ll find another company that will use their skills. It’s doubtful they'll fit 
into National’s plans. 

Intergraph, which uses the Fairchild Clipper »P in its InterPro 32C 
workstation, may be in a toss-up situation. It recently negotiated to buy the 
Clipper line from National for $10 million, thus protecting its supply of the 
uP chips. However, because the company is its own best customer, 
Intergraph may be reluctant to depart from Clipper-based technology 
when the market demands it. 

Finally, National Semiconductor’s situation appears to be a tossup, too. 
Keep in mind that National had net losses in three of its last five years and 
that its semiconductor sector lost $129 million for the fiscal year that ended 
in May. It’s true that National’s acquisition of Fairchild boosts its position 
on the scale of military, bipolar, and analog semiconductor manufacturers. 
However, combining two money-losing companies may yield only a larger 
money-losing business. To be successful, the company will have to turn 
itself around quickly. As National’s Peter Sprague said to Business Week, 
“Otherwise, paying $122 million for the opportunity to lose $10 million a 


month isn’t such a hot deal.” 


Jon Titus 
Editor 
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esigning complex state machines and high performance 
controllers can really drive you crazy. 

PLDs can give you a fast, single-chip solution 
with multiway branching. That's OK for simple contro 
logic. But if your problem's complex, you're stuck with a micro- = 
coded bit-slice approach. So you get to deal with dozens of SAL. 
power-hungry parts, acres of board space and complex,expensive = 7 
development tools. 

If this sounds painfully familiar, we'd like you to meet SAM, 
the Stand-Alone Microsequencer. An extraordinary new architec- 
ture that's going to change the way you design control logic forever. 

SAM's user-configurable, CMOS approach combines the 
best of two worlds: an EPLD branch-control-logic front end with 
a high performance, EPROM-based microsequencer. 

The first member of the SAM family, the EPS-448, gives 
you 448 words of microprogram control, plus a 15 level stack and 
an 8 bit counter. You also get 768 product terms to handle multiway 
branching in one, 30 MHz clock cycle. All in a slim 300 mil, 

28 pin DIP 

With SAM you ll eliminate bulky 2910s, expensive high 
speed PROMS or EPROMs and lots of TTL. You'll also cut power 
consumption by an order of magnitude. 

But that’s only the beginning. You'll find that SAM is also 
a snap to implement. That's because it’s supported by PLDS-SAM™ 
the most powerful state machine development system available. 

Just sit down at your PC and enter your design in high level 
state machine or microcode format. Altera’s SAM design processor 
and software-driven programmer will transform your idea into 
working silicon in minutes. It just doesn’t get any easier than that. 

So put an end to your frustration. Improve your designs 
while you save time, board space and money. Call or write for your 
PLDS-SAM development system today. Or sign up for our free 
seminar. And find out how easy it is to improve your state of mind. 


Call (408) 984-2800 


525 Monroe Street 
Santa Clara, CA 95051 


© Copyright 1987 ALTERA CORPORATION 
SAM and PLDS-SAM are trademarks of Altera Corporation. 
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How to improve 
your memory. 


Get 1 Mbit of RAM in a credit-card size cassette. 
The DuPont Memory Cassette System is the first 
system of its size to deliver up to 1 Mbit of memory. 
It gives you everything you can ask for—size, speed, 
and security. 

While other types of data storage media may 
have slightly more memory, you can fit multiple 
DuPont Memory Cassettes in the space of conven- 
tional drive systems. These cas- 
settes can provide greater memory 
and direct access to your data. And 
they're faster too—about 10‘ times 
faster, in fact. 

Unlike floppy disks, the cas- 
sette protects closed architectures 
and virtually eliminates copying. 
With a long-life replaceable lithium battery, to avoid 
erasure during power failures. And the cassette 
is designed to offer protection from electromagnetic 
interference and electrostatic discharge. 

We've put all those features in a really tough 
package—the connector is rated for 10,000 mating 
cycles minimum; tested up to 50, 000 cycles—to 
create a truly unforgettable system. Perfect for your 
every application, RAM or ROM. The Memory Cas- 
sette System will allow you to save on components, 
save on space, and still design a more versatile product. 

We'll be glad to tell you more. Just call 1- 800- 
527- 2601, for our free brochure. But call now, 
while it’s fresh in your memory. 


DuPont Electronics 


Share the power of our resources. 


REG US PaT &TM OFF 
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More power 
for less than 
the cost of 

a TO-126 
bipolar 


50-Volt 1/3 


When it comes to motor drive control or 
high-side switching of grounded loads, 
our new N- and P-Channel 50V HEXDIP 
power MOSFETs deliver more at less cost 
than do equivalent bipolar devices. 

Here are some reasons why. 


Unlike traditional die-mounting, HEXDIP 
chips are mounted on a dual-drain copper 
tab, resulting in power dissipation of up 

to 1 Watt—more than any FET in its class. 


Designed for automatic insertion, our 

4-pin HEXDIP packages are end-stackable 
on 100 mil centers. This cuts assembly 
time. And there's no wasted board space 
in high density packing applications. 


Four new HEXDIP 50V Series are available 
in N- and P-Channel types for today’s 
State-of-the-art designs in automotive 

electronics, power supplies, and motor 
drive control circuits. 


Rds(on) ranges from a low of 0.10 Ohms, 
with current ratings up to 2.4 amps de- 
pending on die size. For complete data, 
Call (213) 607-8842. Today. 


International 
Rectifier 


WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245. U.S.A. (213) 772-2000. TWX 910-348-6291, TELEX 472-0403 
EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB. ENGLAND TELEPHONE (088 33) 3215/4231. TELEX 95219 


Power MOSFETs - CMOS Power ICs - Commercial/Custom Power Packages « Schottkys 
CIRCLE NO 200 Rectifiers - Thyristors (SCRs) * Diode Bridges * Molded Circuits - Assemblies 
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TECHNOLOGY UPDATE 


Interface and data format dictate 
your choice of a minicartridge tape drive 


Maury Wright, Regional Editor 


Most tape-drive manufacturers and 
their customers agree for now on 
the appropriate medium and capaci- 
ty for low-end secondary-storage 
applications: A number of manufac- 
turers offer 40M-byte drives based 
on the 3M DC 2000 or DEI (San 
Diego, CA) Microtape 2000 mini- 
cartridge, which use %-in. tape. 
The vendors have yet to agree, how- 
ever, on a standard drive interface 
or data format. You can choose from 


four incompatible combinations of 


drive interface and data format from 
a number of different vendors. The 
drive manufacturers soon plan to 
boost minicartridge-drive capacities 
to 80M to 120M bytes, but, again, 
you can expect a choice of three or 
more incompatible products. 

Like floppy-disk drives, tape 
drives are secondary-storage de- 
vices; they perform such tasks as 
backup of primary-storage devices 
(hard-disk drives), data or software 
distribution, and data or software 
transfer. In most small-computer 
applications—the primary use for 
minicartridge | drives—minicar- 
tridges are used strictly for backing 
up hard disks. In those applications, 
the different interfaces and data for- 
mats aren’t important. The end 
users won’t need tape drives that 
can read data cartridges recorded 
on other computers; they’ll use the 
drives simply to back up their own 
data. 

But in a small but important per- 
centage of applications, minicar- 
tridges are used for software or 
data distribution and transfer. If 
you're building a system for such an 
application, you can appreciate the 
need for an industry-wide standard 
interface and data format for tape 
drives. 
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By offering both floppy-interface and QIC-100 models in 3%- and 5%-in. form factors, 3M 


targets its MCD-40 tape-drive offerings at both low-end single-user systems and more- 


powerful systems that use the SCSI I/O bus. 


Unfortunately, no standard yet 
exists for minicartridge drives. One 
major reason why minicartridges 
aren’t standardized is that IBM 
hasn’t yet endorsed a particular 
minicartridge product. The secon- 
dary-storage standards that do exist 
—those for open-reel and floppy- 
disk drives—are the direct result of 
IBM’s choice. Until IBM chooses a 
sub-4-in. tape drive, you can expect 
the market for minicartridge data- 
storage peripherals to remain high- 
ly volatile. 


Tape capacity matches disk’s 


For backup applications, tape- 
drive manufacturers strive to offer 
products that match the capacity 
and form factor of hard-disk drives. 
DC 2000-type minicartridges have 
proved to be an ideal backup medi- 
um for low-end systems. Minicar- 
tridge drives fit into the 3%-in. 
disk-drive form factor, and 


manufacturers also offer the drives : 


with half-height, 5%4-in. mounting 
frames. The drives’ 40M-byte capac- 
ity matches the hard-disk capacity 
currently popular in personal-com- 
puter applications. 

The 40M-byte capacity will also 
serve other small business systems 
and even low-end engineering work- 
stations. Minicartridge-drive manu- 
facturers plan to boost the capacity 
of their drives to keep pace with the 
higher-capacity hard-disk drives 
used in business systems. In fact, 
future minicartridge drives will 
store more than 100M bytes, and 
they may even suit low-end mini- 
computer and mainstream engineer- 
ing-workstation applications. 

Among the 40M-byte minicar- 
tridge-drive choices are products 
from Irwin Magnetic Systems. The 
products’ format is proprietary, but 
it’s in wide use: Irwin was the first 
company to offer minicartridge tape 
drives for secondary storage and 
has sold more minicartridge tape 
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Get more out | 
of your workstation. 


Give your workstation the 
powerful output it deserves. Versatec 
electrostatic and thermal plotters 
deliver your drawings, maps, and 
charts faster, more reliably than any 
pen plotter. 

Draw big, beautiful plots with 
high speed monochrome or color 
plotters in plot widths from 11 to 44 
Inches. Print as you plot using hard- 
ware character generators. Present 
your work on high quality paper and 
film media. 

The right connection. Link 
your Sun, Apollo, MicroVAX or IBM 
PC/AT workstation directly with any 
Versatec plotter via fast parallel inter- 
faces and optimized plotting software, 
or simultaneously receive plots from 
SiIxnodes on your Ethernet® TCP/IP 
network with aVersatec Plot Server. 

Versatec delivers more 
support. More interfaces. More 
standalone and embedded rasterizers. 
More experienced electrostatic and 
thermal plotter service. And more 
Spares at more locations. 

Circle our readers’ service num- 
ber or call toll-free 800/538-6477* 
for your copy of “How to get more 
out of your workstation.” 


ove up to 
ersatec. 


*In California, call 
toll-free 800/341-6060 


Sun is a trademark of Sun Micro- 
systems. Apollo is a trademark of 
Apollo Computer. MicrovVAX 

is a trademark of Digital Equipment 
Corporation. IBM PC/AT is a trade- 
mark of International Business 
Machines Corporation. 


Versatec and Versatec Plot Server 
are trademarks of Versatec, Inc. 
Xerox is a trademark of Xerox 
Corporation. 


Plot data courtesy of Xerox, IMI and 
Zeh Graphic Systems. 
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TECHNOLOGY UPDATE 


An error-corrected hard-error rate of 1 bit in 10" characterizes Wangtek’s FAD-3500 tape 


drive. This error rate exceeds the hard-error rates of typical Winchester drives. 


drives than any other company. In 
fact, before 3M introduced the DC 
2000 (4-in. tape) cartridge, Irwin 
offered drives for the DC 1000 
(0.15-in. tape) cartridge. 

Although Irwin still offers drives 
for the DC 1000 cartridge, its cus- 
tomers choose the DC 2000 product 
for almost all new designs. For the 
DC 2000 cartridge, the company of- 
fers the 20M-byte Model 120/220 
and 40M-byte Model 145/245 drives; 


they cost $499 and $699 respectively. 


QIC supports two standards 


Unlike the proprietary Irwin 
drives, all the other available mini- 
cartridge drives evolved from the 
Working Group for Quarter Inch 
Cartridge Drive Compatibility 
(QIC). QIC (pronounced “quick”’) is 
a group of manufacturers that pro- 
motes standard formats and inter- 
faces for tape drives. The QIC group 
couldn’t agree on a single type of 
tape drive for minicartridges, but it 
did settle on two: QIC-40 and QIC- 
100. Drive manufacturers currently 
offer devices that meet both specifi- 
cations. 

Four QIC-40 tape drives are cur- 
rently available: Alloy Computer 
Products’ APT-40/Q, Archive’s XL, 
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Mountain Computer’s TD4000, and 
Wangtek’s FAD-3500. Each of the 
QIC-40 drive manufacturers quotes 
a price around $250 (1000) for its 
product. All the QIC-40 drives are 
very much alike, probably more so 
than any other data-storage product 
in history. Your choice among them 
would probably depend on nothing 
more significant than your bargain- 
ing abilities. 

A similar drive is 3M’s MCD-40/ 
FITD. Although its format original- 
ly evolved from the QIC-40 effort, 
it’s different enough from QIC-40 to 
qualify as a separate format. The 
drive costs $280 (1000). 

Three manufacturers currently 
offer QIC-100 minicartridge tape 
drives. Tallgrass Technologies, the 
company that developed the QIC- 
100 tape format (Tallgrass originally 
ealled it PC/T), offers the MCD40 
SCSI-3.5 for $375 (1000). Braemar 
markets the Qicbac 3508S at $410 
(1000). The 3M MCD-400 series 
QIC-100 drive sells for $420 (1000). 


Interface dictates cost 


In choosing a drive strictly for 
backup applications, you need to 
consider only the cost and perfor- 
mance characteristics of the various 


offerings. In minicartridge tape 
drives, the drive interface dictates 
the price and performance charac- 
teristics. 

The Irwin, the 8M MCD-40/ 
FITD, and the QIC-40 drives all 
interface to a standard SA-450/475 
floppy-disk-drive controller such as 
the one on the IBM PC. Because 
that interface is simple, the floppy- 
interface drives cost less than any of 
the currently available QIC-100 
drives, each of which includes an 
intelligent Small Computer System 
Interface (SCSI) controller (the 
QIC-100 standard, however, doesn’t 
specify a particular controller inter- 
face). 

The floppy-interface drives also 
save you money because they don’t 
require a special interface; they con- 
nect to the floppy-disk-drive con- 
troller that’s already present in 
most system designs. In contrast, to 
interface a QIC-100 drive to many 
low-end systems, you must add a 
SCSI host adapter, thereby increas- 
ing the cost of the system. 

The QIC-100 drives, however, 
transfer data faster than the floppy- 
interface drives do. Minicartridge 
drives that interface to a floppy- 
disk-drive controller are limited to 
the transfer rate of that controller— 
250k bps for 360k-byte controllers 
and 500k bps for 1.2M-byte control- 
lers. The transfer rate of a QIC-100 
product is limited only by the drive’s 
recording density and tape speed: 
The SCSI bus can handle 1.5M- 
byte/sec asynchronous transfers and 
4M-byte/sec synchronous transfers. 


Tape speed affects data rate 


The Braemar and Tallgrass QIC- 
100 drives transfer data at 750k bps, 
and the 3M drive transfers data at 
600k bps. All three drives feature 
10,000-bpi recording densities, but 
the Braemar and Tallgrass drives 
spec a 75-ips tape speed, and the 3M 
product has a 60-ips tape speed. The 
faster transfer rate of the Braemar 
and Tallgrass drives results in fast- 
er backup operations and faster 
tape-format operations. The partic- 
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ular driver-software implementa- 
tion you write determines the exact 
effect that the transfer rate will 
have on backup or format time. 

Stan Miller, market development 
manager for 3M, points out other 
factors that might affect your choice 
between floppy-interface and QIC- 
100 drives. Miller claims that floppy- 
interface drives best suit applica- 
tions in single-user systems, such as 
personal computers running 
MS-DOS. A floppy-interface drive 
wouldn’t be a good idea for a multi- 
user system both because of the 
slow transfer rate and because the 
system CPU must interact with the 
floppy-disk-drive controller on all 
tape operations. 


Drives suit network server 


The more-expensive SCSI con- 
troller on QIC-100 drives better 
suits the products to multiuser or 
network server applications, accord- 
ing to Miller. Because QIC-100 uses 
a SCSI controller, it won’t substan- 
tially slow your system’s perfor- 
mance: The SCSI controller permits 
data transfers directly from tape to 
hard disk or hard disk to tape. SCSI 
also supports multithreading (multi- 
tasking) in the I/O subsystem. 

As a system designer or value- 
added reseller, when you’re choos- 
ing how to implement secondary 
storage in a system you must con- 
sider the needs of your entire poten- 
tial customer base. If you’re design- 


HE: 


Because they interface to standard floppy-disk-drive controllers, QIC-40 tape drives such as 
Archive’s Model XL prove cost-effective for implementing backup storage in personal 


computers. 


ing your system for customers 
who'll use the tape drive for more 
than just backup purposes, you'll 
need to consider more than just the 
drive’s price and performance specs. 
For instance, your customers may 
want to use their cartridges to 
transfer data among systems, or 
your company or independent soft- 
ware developers may decide to dis- 
tribute software or data on tape 
cartridges. 

For applications entailing data 
distribution or transfer, you must 
also consider the format a tape drive 
uses to write data onto a cartridge. 
The drive’s ability or inability to 
interchange data with other drives 
may override cost and performance 
considerations. 

The 40M-byte Irwin tape drive 
stores data on 20 tracks at a record- 
ing density of 10,000 bpi. Unlike the 


other vendors discussed here, Irwin 
employs a tape format that specifies 
that a servo signal be embedded 
between each data block. The com- 
pany claims that the servo scheme 
improves the tape drive’s track-fol- 
lowing characteristic. The drive’s 
specification lists an error-corrected 
hard-error rate of 1 bit in 10". 

Because Irwin uses a proprietary 
data format, its drives can’t read 
cartridges written by drives from 
any other manufacturer. The drives 
do, however, offer “downward com- 
patibility” with all tape drives Irwin 
has offered. Downward compatibili- 
ty means that a certain drive can 
read a cartridge written on an 
Irwin drive of equal or lesser capaci- 
ty. In fact, the DC 2000-based 
drives can even read DC 1000 car- 
tridges. 

The QIC-40 drives also store data 


a ee 


Longer tape boosts cartridge capacity 
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You can increase a cartridge-tape drive’s capacity 
by using a cartridge with a longer tape. DEI (San 
Diego, CA) offers cartridges that allow users to 
increase their drives’ storage capacity by as much 
as 70%. The company’s Gold Plus XL line of full- 


size %-in. tape cartridges includes models with 750 
and 1000 ft of tape instead of the standard 600 ft. 
The Gold Microtape 2000 XL cartridge holds 300 ft 
rather than the standard 205 ft of tape found in 
minicartridges. 

A 40M-byte QIC-40, QIC-100, or Irwin minicar- 
tridge tape drive can store 60M bytes on the $35 


Microtape 2000 300XL cartridge. The $55.50/$59 
Gold Plus 750XL/1000XL series can store 100M to 
500M bytes when used with cartridge drives capa- 
ble of storing 60M to 300M bytes on 600-ft car- 
tridges. 

DEI claims its patented Equithane belt design is 
responsible for the reliability and data integrity of 
the longer-tape cartridges. The company also uses 
a new plated-particle media formulation in the car- 
tridges; the formulation allows for thinner tape, so 
more tape can fit into the cartridge. 
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There Will Still Be a Few Uses 
or Conventional ECL ASICs. 


Cold facts: now the highest-density ECL logic array runs at a 
cool 1/10 the gate power of competing devices. 


Raytheon’s ASIC design expertise 
and proprietary technology make 
conventional ECL arrays too hot to 
handle. The superior performance of 
the new CGA70EI18 and CGA40E12: 
the ECL logic array family with the 
highest density and the lowest power 
requirement now available. 


L] Superior performance: 300 pS 
delay and 300 yW (typical gate) power 
dissipation deliver the industry’s low- 
est speed-power product: <0.1 pJ. 
Toggle frequency 1.2 GHz (typical). 
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L) Highest density: 
CGA70E18 — 12540 equivalent gates 
CGA40E 12 — 8001 equivalent gates 


CL) Lowest power: Industry’s smallest 
bipolar transistors result in power dis- 
sipation that is a fraction of conven- 
tional ECL at comparable propagation 
delays. Typical chip power dissipation 
of 3W to SW. 


OC Et cetera: Interface TTL, ECL 
(10K, IOKH, 100K), ETL. Customer 
access to proven, fully integrated 
CAD system. Commercial and mili- 
tary operating ranges. 
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Call Raytheon for access to the right 
ECL technology. We’re not blowing 
any smoke, and neither should your 
system’s performance. 


Raytheon Company 
Semiconductor Division 

350 Ellis Street 

Mountain View, CA 94039-7016 
(415) 966-7716 


Access to the right technology 
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at 10,000 bpi on 20 tracks. The 
standard specifies that the drives 
employ a Reed-Solomon error-cor- 
rection code (ECC), which results in 
a hard-error rate of 1 bit in 10". The 
3M floppy-interface drive stores 
data at 8621 bpi on 24 tracks and has 
a hard-error rate of 1 bit in 10”. 


QIC-40 specifies file format 

What’s more important, the 
QIC-40 specification not only dic- 
tates a data format but also defines 
a file format and common-command 
set. The data files recorded on a 
cartridge by a QIC-40 drive can 
therefore be read on any other 
QIC-40 drive, regardless of the 
tape-drive manufacturer, computer 
type, or operating system. Theoret- 
ically, the QIC-40 manufacturers 
say, only one in 300,000 cartridges 
will prove unreadable on a drive 
from any manufacturer. 

The QIC-40 standard is the first 
cartridge-tape standard to achieve 
such interchangeability. Not even 
the widely used QIC-24 drives (full- 
size DC 600 cartridges) feature 
data-file compatibility. As a matter 
of fact, Alloy claims that its drive 
can read cartridges written by cer- 
tain models of Irwin drives. 

The QIC-100 standard fails to pro- 
vide such file interchangeability. 
The drives record data at 10,000 bpi 
on 24 tracks. Their exclusive-OR 


ECC scheme results in a hard-error 
rate of 1 bit in 10”, but also requires 
that ECC data blocks occupy 50% 
(overhead) of the capacity of real 
data blocks. 

Despite the lack of a defined file 
format, Apple Computer (Cuperti- 
no, CA) has created a de facto file 
format for the QIC-100 drives by 
offering 3M QIC-100 drives as back- 
up-storage options for the Macin- 
tosh. Both Braemar and Tallgrass 
products, which third-party subsys- 
tem houses offer to Macintosh 
users, can read cartridges recorded 
by the 3M QIC-100 drive. 


Drives offer powerful format 


QIC-100 is a potentially more 
powerful format than the QIC-40, 
3M, or Irwin formats. Although all 
of the minicartridge products can 
randomly access any data on a car- 
tridge, the QIC-100 products can 
typically access a file in 9 sec. The 
QIC-100 format also lends itself to 
selective updating of the files on a 
tape. 

The floppy-disk-drive controller 
also affects the format on floppy- 
interface tape drives because the 
controllers support only MFM 
(modified frequency modulation) en- 
coding. Manufacturers supply the 
QIC-100 drives with group-code-re- 
cording (GCR) encoding. 

Minicartridge-drive manufactur- 


US company forms Asian alliance 


Companies from Asia haven’t generally been suc- 
cessful in selling low-end data-storage peripherals 
on the US market. The large Asian companies, 
however, have vast engineering and manufacturing 
experience in tape recording and drive mecha- 
nisms. California Peripherals Corp, or Caliper (Tor- 


rance, CA), has formed a strategic alliance with 
Nakamichi Corp (Kodaira, Japan) to tap such re- 
sources and quickly enter this competitive US 


market. 


Although Caliper made a late entrance to the 
market for DC 600-based tape-cartridge drives, the 
company now offers 60M-, 120M-, and 150M-byte 
drives, and will soon offer 300M-byte products. 
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ers would all like to increase their 
drives’ capacities, and the QIC-100 
combination of GCR encoding and 
SCSI controller will probably pro- 
vide the simplest upgrade path of all 
the offerings. The SCSI bus will 
handle an increase in data rate as 
the bit density is increased on the 
drive. And GCR encoding allows for 
the increase in recording density. — 


New designs not yet defined 


For now, the only way to increase 
a QIC minicartridge drive’s capacity 
—which is limited only by that of 
the cartridge—is to use a longer- 
tape cartridge (see box, “Longer 
tape boosts cartridge capacity”). 
Unfortunately, the QIC group re- 
mains undecided on the format or 
interface type to use in a drive that 
holds 80M bytes or more. Certain 
factions within the group would 
simply like to offer an 80M-byte 
version of the QIC-40 product. The 
80M-byte product would still use a 
floppy-disk-drive interface and 
would maintain downward compati- 
bility with QIC-40 drives. Other 
group members would like to move 
immediately to a higher-perfor- 
mance product. 

Lee Elizer, president of Peripher- 
al Strategies Ine (a Santa Barbara, 
CA, research firm) is one of those 
who believes the next product will 
be an 80M-byte floppy-interface 


Nakamichi engineered and is building the drives 
for Caliper. Caliper was among the first companies 
to introduce a drive that used the 3480 %-in. tape 
cartridge in a drive that met the HI/TC standard, 
which was developed by HI/TC, a group of manu- 
facturers similar to QIC. 

The Caliper/Nakamichi team is preparing to co- 
operate on other products as well. You can expect 
Caliper to introduce a minicartridge drive when 


the QIC committee clears up some confusion over 


drives now. 


future standards. The company will probably also 
be a leader in 4-mm-tape digital-data-cartridge 
drives. Nakamichi is making 4-mm-tape audio 
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QicBac" ns YES! I'd like to test drive the QicBac! 


Please send me more information. 


C ' = I’m interested in the ... 
artridge Drive! 0- 10 13 Mine P22 
_] 5.25” Half-height Form Factor 
(_] Imbedded SCSI Interface 


At Last, High Speed, 3.5” & (] IBM Bus Level Interface 
5.25" Cartridge Back-up for [1 | would like an immediate evaluation unit. 
OEM & Systems Integrators! Name 
Built for Speed... Designed for Performance... ie 
Ml Backup Speeds upto 3x FasterThan ll Imbedded SCSlorIBM*Bus yey 
__Competing Units. Level Interface. ee ee 
@ Data Transfer Rate of 750 Kbits./sec. @ True 3.5” Form Factor. ee AP 
9 Sec. Average FileAccess Time. —s&l Available 5.25” Half Height fe ame 
li Search/Rewind at 90 IPS Form Factor. 
§ Data Reliability thruCRC &ECC. —»—«s@ QIC. 100 Compatibility 


& Uses DC 2000 or MT 2000* 


Data Cartridges. Braemar Corporation 
—_ Subsidiary of Carlisle Corporation 
11400 Rupp Drive 


*IBM is a registered trademark of International Business Machines Corporation. DC 2000 is a product Burnsville, iu G12) 890-135 


of the 3M Co. MT 2000 is a registered trademark of Data Electronics Inc. (DEI). 1-800-328-2719 TELEX 882169 
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Braemar 


SSI TELECOM 

INTEGRATED 
CIRCUIT 

FAMILIES 


ol Ae V3 — js 
Siang ome 
IN A SERIES 

SeHg@8Bekt ke 


MODEM 
SUPPORT 


TELEPHONY/ 
DIGITAL 
TELECOM 


Silicon Systems has developed the 
following families of advanced tele- 
communication chips. 


MODEMS: Silicon Systems offers the 
industry's most advanced designs in 
single-chip modem IC’s. All members 
of the SSI K-Series family of one-chip 
modems are designed to the same 
footprint, with total hardware and 
software compatibility, allowing easy 
product upgrading over the entire Bell 
and CCITT range of full-duplex, splif- 
band standards at data transfer 
speeds from 300 to 2400 BPS. 
MODEM SUPPORT: SSI has designed 
a line of high performance filters, 
special purpose FSK modems, and 
high speed modem analog 
processors, which make possible 
efficient modem designs for custom 
applications. 
TONE SIGNALING: Since pioneering 
the DTMF receiver, SSI has not only 
developed a whole family of DIMF 
receivers but has also introduced 
DTMF transceivers that can both 
generate and detect all 16 standard 
Touch-Tone digits. This Tone Signaling 
Family of products also includes a 
group of telephone-band call 

rogress detector chips, which 
simplify design of automatic calling 
systems. 
TELEPHONY / DIGITAL TELECOM: This 
family is comprised of standard 
integrated circuits for use in T] 
transmitters and receivers, as well as 
chips for DS-I line interfacing, central 
office MF tone detection, and 4-wire 
loopbacks for use in low-cost 
maintenance termination units. 

Send for the Silicon Systems 
Telecom and Modem brochures today. 
Silicon Systems, 1435] Myford Road, 
Tustin, CA 92680. 

Phone: (714) 731-7110, Ext. 575 
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drive. Elizer also believes the drive 
manufacturers will soon offer a 
drive of 100M bytes or more that 
uses a data format similar to the 
QIC-150/300 DC 600 drives, and a 
SCSI controller. 


Capacities move ahead 


Irwin, meanwhile, doesn’t have to 
consult anyone else before increas- 
ing the capacities of its drives. The 
company recently introduced the 
Model 165/265 64M-byte drive, 
which records data at 138,200 bpi on 
24 tracks and sells for $899. Irwin 
also plans to ship a drive of more 
than 100M bytes in the first half of 
next year. The company believes an 
embedded-servo tape format will be 
necessary to achieve such capacities. 
(The QIC committee, however, is 
not considering a servo scheme for 
any new drives it specifies. ) 

Both Irwin drives will use a flop- 
py-disk-drive interface, and both 
will offer the option of working with 
750k-bps floppy-disk-drive control- 
lers, which are currently being de- 
signed. The company also plans to 


introduce a SCSI-controller product 
next year. 

Also on the horizon are 4-mm- 
tape digital-data-cartridge drives. 
The drives will use helical-scan-re- 
cording technology and the same 
drive mechanism and head devel- 
oped for the digital audio-tape in- 
dustry. The drives may provide 
Asian companies with an inroad into 
the small-tape-drive market (see 
box, “US company forms Asian alli- 
ance”). Although they’ll be the same 
size as the minicartridge drives—so 
they'll fit into the same 3%-in. form 
factor—they will store more than 
1G byte. The 4-mm-tape drives may 
be available within a year, but it’ll 
take longer for the price to drop to 
the level of the minicartridge; you 
can expect to see the 4-mm-tape 
drives offered at a reasonable price 
by 1990. EDN 


Article Interest Quotient 
(Circle One) 
High 512 Medium 513 Low 514 


For more information... 


For more information on the minicartridge tape drives discussed in this 
article, contact the following manufacturers directly or circle the appropri- 
ate numbers on the Information Retrieval Service card. 


Alloy Computer Products Inc 
100 Pennsylvania Ave 
Framingham, MA 01701 

(617) 875-6100 

TWX 710-346-0394 

Circle No 721 


Archive Corp 

1650 Sunflower Ave 
Costa Mesa, CA 92626 
(714) 641-0279 

TLX 4722063 

Circle No 722 


Braemar Corp 

11400 Rupp Dr 
Burnsville, MN 55337 
(612) 890-5135 

TLX 882169 

Circle No 723 


Irwin Magnetic Systems Inc 
2101 Commonwealth Blvd 
Ann Arbor, MI 48105 

(313) 996-3300 

TWX 810-223-6050 

Circle No 724 


3M Co 

Magnetic Media Div 
Building 223-5N, 3M Center 
St Paul, MN 55144 

(612) 733-2172 

Circle No 727 


Mountain Computer Inc 
360 El] Pueblo Rd 

Scotts Valley, CA 95066 
(408) 438-6650 

TWX 910-598-4504 

Circle No 725 


Tallgrass Technologies Inc 
11100 W 82nd St 

Overland Park, KS 66214 
(913) 492-6002 

TLX 4387121 

Circle No 726 


Wangtek Ine 

41 Moreland Rd 

Simi Valley, CA 93065 
(805) 583-5255 

TLX 650450 

Circle No 728 
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~ YOU NAME THE APPLICATION— 
WE'VE GOT THE MODEM IC.” 


For Today's Designs 


di "APPLICATIONS PRODUCTS | oP , ODES 

A quick glance at our Selection Chart shows 1 j 

that at data transfer speeds of 300 to 2400 BPS 
for U.S. or world-wide market applications, 
Silicon Systems has the industry's most 
advanced family of pin-compatible, single-chip 


modems available now for your current designs. 


MARKETS 


seven | tinge | 8 | 


For Tomorrow's Designs 


We call this versatile family the SSI K-Series 
line of single-chip modems. These CMOS 
integrated circuits are all software and hard- 
ware compatible, allowing for easy product 
upgrading over the entire Bell and CCITT ranges 
of full-duplex, split-band telecom standards 
needed for your present and future designs. 


Special Features For Special Applications 


The family includes an easy-to-use micro- 
processor control interface, and versatile 
features suitable for a wide variety of appli- 
cations. The “U” versions integrate an industry 
standard UART with the modem function in a 
design optimized for integral bus applications, 
and the low-power ‘L’ versions operate from a 
single + 5 volt supply, making portable, battery, 


or line powered designs possible. + Automatic Teller, i | ltrti‘COC;:*SCOC*:*:C:C;C | added circuitry 
Machines to simplify 

« Pay Telephones integral 

* Diagnostic designs. 

Equipment 


Call Now! 
(714) 731-7110, Ext. 575 


For more information on the K-Series Family, or 
our complete line of Tone Signaling, Telephony, 
and Digital Telecom products, send for 


our Modem and Telecom brochures today. “compatibility |. evalable in in 


‘Silicon Systems, +5 volt 
14351 Myford Road, Mere Sa _ bee versions. 
CO’ " — -_ = : * Available 1988 


Tustin, California 92680. 


SILICON J STOMS 


“Where we design to your applications.” 


Circle 70 for Product Information 
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“Here” is the 514 inch 
slot on your PC systems. | 
“Now” is when you can get | y Pe 
floppy drives to fit in them —— 
And Toshiba is the com- 
pany to get them trom. 

Because the Toshiba ND =~" 
Series 3144" floppy drives are available now 
to meet the widening demand for narrower 
drives. Not on the drawing board, not just for 
evaluation, but in production. Which means 
that you can join the 314” trend without further 
delay. 

And with our Universal Installation Kit you 
won't lose any time at all. It gives you every- 
thing you need to easily fit our 314” drive into 
your 514" half-height slot. Making “now” an 
even more immediate possibility. 

But then, possibilities are always open at 
Toshiba. With a complete family of drives 
to meet every application. From half a mega- 
byte to 3.6 gigabytes. From floppy to optical. 
We make the drives to make your systems 
competitive. 

And the ND Series 314" floppy drives will 
do just that. To find out how fast you can get 
started call us at 714-583-3150. 

Because the more you make of the here and 
now, the better off you'll be later. 


In Touch with Tomorrow 


TOSHIBA 


Disk Products Division, 9740 Irvine Boulevard, Irvine, CA 92718 


©1987 Toshiba America, Inc. 


EDN November 12, 1987 CIRCLE NO 195 


73 


of Analog ASICs 


Unleashing the Power 


..At'S about time! 


Macrochip—The analog ASIC solution 


Leading-edge system designs require 
powerful IC solutions. As an analog cir- 
cuit designer, you are challenged to 
meet system requirements—per- 
formance, miniaturization, reliability 
and cost—on time 
and within budget. 
The solution— 
Macrochip. 
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The benefits of true 
semicustom analog 
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Ferranti Interdesign 
brings all the benefits of true semi- 
custom IC technology to analog circuit 
designers, because the Macrochip, like 
Gate Arrays, require customization of 
only the metal mask to implement even 
the most sophisticated analog design. 
Your benefits—Assured performance, 
design flexibility and low development 
costs. 


Semicustom analog means powerful 
reductions in both cost and turn- 
around time 


Integration of a typical analog Macro- 

chip, from completed layout to proto- 

types, starts at $1,800.00 with a turn- 
around time of 4 weeks. Compare that 
to standard cell or full custom! 


Our broad selection of Macrochip arrays 


will let you choose the chip that match- 


es your circuit complexity without hav- 
ing to pay for unused 
silicon! The Result— 
A cost effective solu- 
tion from  develop- 
ment through produc- 
tion. 


Macrochip—A grow- 
ing family 


The Macrochip series now offers the 
designer a family of gridded arrays with 
various component counts and a repeat- 
ed cell structure common to all arrays, 
providing optimum array sizes for any 
analog design, while permitting the 
transfer of designs between arrays. 


The present Macrochip family of nine 
20V bipolar arrays with f, of 400MHz 
(small NPNs) is expanding to include a 
family of 40V bipolar arrays with a 
selection of MOS capacitors and high 
value implant resistors. This allows you 
to use the Macrochip in a broad range 


Schematic Capture using 
FutureNet with Ferranti 
Interdesign Symbol 
libraries 
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of standard, as well as high-voltage, 
low-current linear applications. Further 
enhancements to the Macrochip family 
will soon be available from Ferranti 
Interdesign for even 
higher-performance 
linear applications. 


Complete CAE sup- 
port for Industry- 
Standard work- 
stations. 


Macrochip is fully supported for 
schematic capture, simulation and 
layout with Ferranti Interdesign 
libraries, using FutureNet®/PSpice™, 
Analog Workbench™, PC Workbench™ 
or Mentor™ software. Ferranti Inter- 
design libraries consist of extensive 
Macrochip device symbols and Macro 
subcircuit libraries, models for the 
various versions of Spice and layout 


Instrument: Osc! ]loscope 
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Circuit Simulation using 
PC Workbench with Fer- 
ranti Interdesign Circuit 
Models 


databases—all provided to our cus- 
tomers free of charge. 


A continually expanding analog cell 


library. 


Another powerful feature of Macrochip 
is our continually expanding Macro cell 


FutureNet is a registered trademark of the FutureNet Corp. PSpice is a trademark of 
the MicroSim Corp. Analog Workbench and PC Workbench are trademarks of Analog 


Design Tools Inc. Mentor is a trademark of the Mentor Graphics Corp. 
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library. Predesigned analog circuit func- 
tions such as op amps, comparators, 
sample and hold circuits and timers give 
you the flexibility to design hierarchic- 
ally from sub-system level to transistor 
level—whichever suits your circuit re- 
quirements. 


The power of experience. 


Ferranti Interdesign brings the ex- 
perience of over 2,500 analog integra- 
tions to meet your analog ASIC re- 
quirements. That’s more semi-custom 
analog integrations than anyone in the 
industry! 


Let Macrochip unleash the power of 
your system design today by contacting 
a local sales representative, an Authorized 


Analog Simulation using 
MSpice on Mentor with 
Ferranti Interdesign Cir- 
cuit Models 


Design Center, or call Ferranti 
Nee direct at (408) 438-2900. 


FREE OFFER 
Macrochip Demo Diskette* 
| For a visual demonstration illustrating the 


| ease of analog semicustom using Macrochip, 
| fill in the coupon below, and mail it to: 


| 

| 

| 

| 

| 

| 

Ferranti Interdesign Inc. 
| 1500 Green Hills Road | 
| Scotts Valley, CA 95066 | 
' Name 
| | 
; Position 
| Company ] 
| Address 
) City/State/Zip : 
, Country/Phone ——— 
| *5% “floppy disk—requires IBM PC or compatible with | 
| EGA or better. EDN111287 


SCC CU Sooo 


“NaEgmaEY 


FERRANTI 


Ferranti Interdesign Inc 
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National 
Semiconductor 


AGCS family 
now expanded 
to 11 devices — 


see box at right 
for details. 


Finally, graphics to match 
your imagination...now more than ever 


INTRODUCING THE FIRST 


EFFECTIVELY PARTITIONED 
VISIT ARCHITECTURE FOR 
TRULY FLEXIBLE GRAPHICS 
SYSTEMS DESIGN 


Imagine a graphics architecture so 
powerful, you can achieve 16K-by-16K reso- 
lution. So effective, you can add virtually 
unlimited planes of color without degrading 
performance. So flexible, you can integrate 
it into an existing design or use it to build an 
entire range of new systems. 

That's the Advanced Graphics Chip Set 
from National Semiconductor. 

By using a multiple-chip, modular 
approach, the Advanced Graphics Chip Set 
avoids the design compromises and limita- 
tions of single-chip solutions. 

That gives you two unprecedented bene- 
fits: performance and flexibility: 

Which means you can design exactly 
the type of system you need with exactly 

the level of performance your applica- 
, — tion demands. 

For example, you can integrate 

part of the chip set with an existing 
general-purpose microprocessor for 
a low-end display. 

Or you can utilize the chip set's full capa- 
bilities for a high-end, high-performance, 
high-resolution CAE/CAD workstation 
or laser printer — with virtually unlimited 
planes of color. Yet with the same high- 
speed performance as a black-and-white 
application. 

In fact, you can design an entire range 
of graphics systems without having to 

“reinvent the wheel” each time, by using the 
same hardware building blocks and the 
same central software in each of the systems. 


© National Semiconductor 1987 
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THE ADVANCED GRAPHICS CHIP SET 


Now expanded for even more design 
flexibility and freedom. 


2 BitBlt Processing Units (BPUs). 20-MHz 
devices that control data movements within their 
own dedicated memory planes or between those 
planes and other memory planes in multi-color 
systems. AVAILABLE NOW. 

4 Video Clock Generators (VCGs). Timing and 
control generators providing all the synchronization 
signals needed by a graphics system. Pin-program- 
mable pixel frequencies for both low-frequency 


(125 MHz) and high-frequency (225 MHz) 
applications. AVAILABLE NOW. 
2 Video Shift Registers (VSRs). 
Parallel-to-serial shift registers 

C 
outputs or with 100K ECL outputs. | P 
AVAILABLE NOW. : 
3 Video RAM Controllers (VRCs). 
Memory-array controllers for dual- 


capable of serial-output rates up to ADDRESS 
port video RAMs from 256K to 4 Mbits, 


225 MHz. Compatible with 10K ECL 


THE MULTIPLE-CHIP 
SECRET 


The secret to all this flexibility and 
performance is our unique multiple-chip, 
modular approach. Rather than trying to 
squeeze all the important graphics functions 
onto a single chip — which would require 
some significant design and performance 
compromises — we ve partitioned appro- 
priate functions onto individual building- 
block ICs. This allows us to optimize the 
design of each chip, and allows you to 
optimize your own design for your particular 
application. 


GRAPHICS 
WITHOUT LIMITS 


What matters most about the Advanced 
Graphics Chip Set, of course, is what it 
does for you. And that answer is clear when 
you consider its high performance, its 
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including dual-access arbitration logic for multiple- 
CPU applications. AVAILABLE NOW. 

Atotal of 11 chips — all introduced in a single 
year between Siggraph 1986 and Siggraph 1987. An 
unmatched commitment to graphics system design. 

And soon another family member, now in beta- 
site testing: Raster Graphics Processor (RGP). 

A fully programmable, high-performance micro- 
processor specially tuned for graphics applications. 


All devices available in PLCCs. 


COLOR 
PLANE 


LA 
MEM-) | V 
ORY fm S 
| PLANE) LR 
| oo 


UNLIMITED COLOR 
PLANES 


PRINTER 


MUX’D ADDRESS 
PLANE CONTROL 


CONTROLLER) | DATA 


modular approach, its open architecture, 
and its programmability: It gives you 
graphics without limits. It gives you true 
design freedom. It gives you the opportunity, 
for the first time, to design a graphics sys- 
tem “custom fit” to your exact specifications. 

So what are you waiting for? If you're 
tired of those limited single-chip solutions 
bogging down your designs, take a look 
at the Advanced Graphics Chip Set. And learn 
how you can design a graphics system 
to match your needs... as well as your 
imagination. 

For more information and avail- 
abilities, just contact your local National 
Semiconductor Sales Engineer or write: 
National Semiconductor 
Advanced Graphics, MS 23-200 
P.O. Box 58090 
Santa Clara, CA 95052-8090 


National 
Semiconductor 
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High-Tech 
Take-Away 


The portability and low price of our 
PM 3632 brings logic analysis within 
reach of every user in industry and 
education. 

But not at any cost in performance. 

Because this remarkable personal 
logic analyzer out-performs all other 
instruments in its class on the market! 

Compare some of the benefits of 
this ‘high-tech take-away’ for yourself: 
# 100 MHz acquisition speed, or up to 
32 channel data width cover demand- 


ing state/time applications in digital 


systems. 
# Wide ranging microprocessor sup- 


port (incl. 68000/68010 and 8086/ 
8087/8088 16-bit devices) and ROM 
emulation enhance operational ver- 
# Powerful tiggering andmenu-driven 
operation combined with status dis- 
play, screen prompts and fingertip 


control provide easy user access to 
full-function logic analysis. 


Philips, one of the world’slargest elec- 
tronic companies, is a Majorinnovator, 
manufacturer and user of precision 
test and measuring instrumentation. 


SO product credibility in technology, 
usability and reliability is assured. 


PM 3E32 logic analyzer 


pHitips| lest & 
Measurement 


PHILIPS 


¥ 


Test the difference and you'll 
agree that Philips wins on price and 
performance! 


Write to: Philips I & E. T & M department, Building 
HKF70, 5600 MD Eindhoven, The Netherlands or call 
your local supplier: Austria (222) 629141-0; Belgium (2) 
5256692/94;, Denmark (1) 572222; Finland (0) 5257225; 
France (1) 48301111; Germany (561) 5010; Great Britain 
(0223) 358866; Ireland (1) 693355; Italy (39) 36351; 
Netherlands (40) 782808; Norway (2) 680200; Portugal (1) 
683121; Spain (1) 4042200; Sweden (8) 7821800; 
Switzerland (1) 488221] 


PHILIPS 
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KEEPING AMERICA 
COMPETTTIVE 


Chip sets for PC /AT compatibles 
support faster wPs and shrink board size 


Margery S Conner, 
Regional Editor 


Using a chip set that provides the 
basic nonmemory functions of an 
IBM PC/AT mother board, you can 
build a board for your system that is 
less than half the size of IBM’s ver- 
sion. Generally, the only additional 
ICs necessary are the pP, keyboard 
controller, and buffer chips. In all, 
the total number of chips required is 
well below that of IBM’s 110, along 
with a corresponding reduction in 
power (Table 1). All of the chip sets 
available support speeds faster than 
that of IBM’s PC/AT; the differ- 
ences among them depend mainly 
on whether or not they offer more 
capabilities than the IBM PC/AT 
mother board. 

In general, chip sets for PC/AT 
compatibles fall into two categories: 
straight implementations of the 
IBM PC/AT mother board, with all 
of its faults and virtues; and new 
chip sets that implement the 
PC/AT’s capabilities and incorpo- 
rate some non-PC/AT features as 
well, such as fast mode-switch, ex- 
tended memory, and shadow RAM. 
The new chip sets are available from 
Chips and Technologies Ine (CTI), 
Faraday, and Zymos; VLSI Tech- 
nology, G2, and Logicstar sell the 
straight-implementation chip sets. 

The number of extra nonmemory 
ICs required to implement a mother 
board varies, depending on the chip 
set. Logicstar’s SL600X chip set 
needs 36; Zymos’s Poach/ATFB re- 
quires one. Note the attendant 
prices, though: The Logicstar chip 
set sells for $44 in low volumes, 
whereas the Zymos chip set costs 
almost twice that in OEM quantities 
($75). If board space isn’t a major 
consideration in your application, 
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ost ufacturers will supply 


before you buy. Chips and Technologies’ CS8&221 fits in the same form factor as the IBM 


mother board. 


you may be better off with the less- 
expensive set. No matter which chip 
set you choose, however, you still 
achieve a total IC count well below 
that of IBM’s PC/AT. 


Power requirements are reduced 


The chip sets also offer the oppor- 
tunity to reduce your system power 
requirement. Make sure, though, 
that the manufacturer hasn’t elimi- 
nated a capability of the PC/AT 
that’s vital to your design in its zeal 
to reduce space and power. Fara- 
day’s FE3600 chip set, for example, 
doesn’t contain a clock/calendar cir- 
cuit; if you need one, you'll have to 
add a chip like Dallas Semiconduc- 
tor’s (Dallas, TX) DS1287 Real- 
Time Clock Plus RAM, which con- 
tains a battery and_ support 
circuitry. 

CTI departs from its previous 
chip set’s architecture, which incor- 
porated bipolar bus drivers (as does 
the PC/AT) by going to an all-CMOS 
design. The CS8221 contains the 
control circuitry to add a bidirec- 
tional driver if your application re- 


quires more than the CMOS chip 
set’s 8-mA drive capability. 

VLSI Technology’s VL82C(PC/ 
AT) chip set has a CMOS address- 
and data-bus buffer chip that can 
supply as much as 20 mA. If you 
need more current, you can add a 
bidirectional bus driver, but the 
chip set doesn’t have the integral 
control circuitry for one, and there- 
fore you'll need more chips than the 
16 listed in Table 1. Study the data 
sheets, and if they don’t provide 
enough detailed information, ask 
the manufacturer which IC each in- 
dividual chip replaces. 


Processor speeds are faster 


Systems based on these chip sets 
offer faster speeds and reduced 
board size. The simplest way to 
gain a speed advantage over IBM’s 
8-MHz PC/AT is to raise the pro- 
cessor clock speed. All of the chip 
sets support 8-, 10-, and 12-MHz 
clock rates for the 80286. Further, 
CTI’s CS8221, Faraday’s FE3600, 
G2’s GC(PC/AT), and Zymos’s 
Poach/ATFB can also operate with 
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AMD’s 16-MHz 80286. CTI and Far- 
aday both stress that their chip sets 
will be able to support AMD’s 
80286s operating faster than 16 
MHz as these wPs become available. 
You should remember, however, 
that Intel has named AMD in a 
lawsuit over the 80286, and it’s pos- 
sible that its production will be held 
up. 

It’s already a certainty, however, 
that the 80386 has a long lead time 
and a high price, and this is the 
reason the manufacturers of the 
higher-speed chip sets are support- 
ing the 16-MHz 80286 as an alterna- 
tive to a PC/AT compatible designed 
around the 32-bit 80386. Early this 
fall, an Intel distributor quoted a 
price of $599 (1000) for the 80386, 
but wouldn’t quote delivery: At that 
time, the vendor had been allocated 
only 165 of the chips for the south- 
western US. Apparently Intel is 
selling all it can make of these chips 
to companies like IBM and Compaag, 
who are buying in very large quanti- 
ties. All in all, you may be better off 
choosing a higher-speed 80286- 
based design; all the chip sets sup- 


port 10- and 12-MHz systems, and 
so you have a fallback if your 
16-MHz 80286 encounters availabili- 
ty problems. 

Both the straight implementa- 
tions and the newer offerings oper- 
ate at faster processor speeds than 
the IBM PC/AT’s 80286, but you 
should be aware of the limitations of 
the add-in cards you need to use on 
the system bus. Most add-in-board 
manufacturers will only guarantee a 
board’s compatibility with the clock 
frequencies in the standard IBM 
PC/AT. You may have problems 
running your system bus at 12 or 16 
MHz. 

CTI and Faraday have schemes 
for slowing the system bus to ac- 
commodate the slower cards. Fara- 
day’s chip set slows the bus only for 
accesses to slower add-in boards. If 
you have an add-in board that only 
runs on an 8-MHz bus and your 
system bus is running at the pP’s 
16-MHz clock frequency, the chip 
set slows the system bus to 8 MHz 
to let the wP access the slow board. 
When the board access is complete, 
the chip set returns to 16-MHz oper- 


ation. This speed change is made 
under software control; therefore, 
your system’s program must be 
written so that it takes the slow 
speeds of the peripherals into ac- 
count. 

The CTI chip set gives you the 
option of completely segregating 
the uP bus from the system bus: 
You can run the wP bus asynchro- 
nously to the system bus. You can 
select from three possible sources 
for the system bus clock—the pP 
clock, the pP clock divided by 2, or 
an external source. For instance, if 
you want to run the uP clock at 16 
MHz, you have a choice of running 
the system bus clock at the full 16 
MHz, using the chip set’s internal 
divide-by-2 circuitry to obtain a sys- 
tem bus clock of 8 MHz, or using an 
external clock source to generate a, 
say, 12-MHz rate. 


Bus schemes: pro and con 


The disadvantage to CTI’s 
scheme is that the system bus speed 
is constrained by the speed of the 
slowest add-in card on the bus. Its 
advantage over Faraday’s scheme is 


TABLE 1—REPRESENTATIVE CHIP SETS FOR 80286-BASED PC/AT COMPATIBLES 


CHIPS AND 


TECHNOLOGIES (CTI) 


: FARADAY — 
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that you don’t need any special pro- 
gramming to exploit it. 

In general, if your system’s add-in 
boards will be accessed frequently 
and will also be constrained by a bus 
speed that’s lower than the pP 
clock, the CTI scheme may be the 
best, particularly if your software 
doesn’t take slower peripherals into 
account. If most of your system’s 
add-in boards can operate at the wP 
speed with only occasional accesses 
to slower add-in boards, and you 
know that the software is capable of 
allowing for slower peripherals, 
Faraday’s scheme may be better. 

As stated earlier, the newer chip 
sets from CTI, Faraday, and Zymos 
offer more than just faster pro- 
cessor speeds; they provide fast 
mode-switching, shadow RAM, and 
extended-memory support. These 
chip sets accelerate the 80286’s 
mode-switching ability by copying 
the way IBM speeded up its Model 
50/60 PS/2. 

Whenever an IBM _ PC/AT 
switches between the real-address 
mode (which is the mode the 8088/ 
8086 programs use) and the pro- 


$2450 CHIP SET DOES NOT 
INCLUDE BUS DRIVERS. 
ADD EXTERNAL DRIVERS 
FOR > APABILITY. 


SAMPLES WILL BE . 
AVAILABLE IN 4TH QTR. 


=R_~—_| SAMPLES WILL BE AVAIL- _ 
: OF Gea 


ee AVAILABLE IN 
| QTR 1987). 
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Chip sets such as the GC(PC/AT) from G2 
can squeeze the functions of an IBM PC/AT- 
compatible mother board into as few as three 
ICs. 


tected virtual-address mode (which 
gives you access to the 80286’s 16M 
bytes of memory), the system has to 
be reset. Because IBM reset the 
PC/AT’s wP through the 8042 key- 
board controller, the 8042’s delay in 
recognizing reset commands means 
mode switching takes about 90 
wsec, a costly time penalty. 

In the Model 50/60, IBM set up a 
port for resets, which reduces the 
mode-switch time to 1 psec. Note 
that this reset is transparent to the 
software; if you have a memory- 
resident program such as Sidekick, 
for example, it remains in RAM 
after a mode switch. 

Fast wpP speeds affect memory 
accesses as well as bus timing. Re- 
member that a fast processor can 
drive up system cost if you must use 
correspondingly fast memory to 
support it. The 80286 inserts clock 
cycles, or wait states, within its 
machine cycle while it’s waiting for a 
slow device (like a 120-nsec dynamic 
RAM) to return the ready line high. 
During wait states, the 286 does 
nothing. You’ve probably seen the 
ads for 10- and 12-MHz PC/AT 
clones that mention in fine print (if 
at all) that the RAM requires three 
wait states—nullifying the pro- 
cessor’s speed advantage. 


Paged architecture’s available 
CTI uses a paged/interleaved 
memory architecture to enable fast 
response from slow 120-nsec dynam- 
ic RAM in a fast 12-MHz system. 


The 80286 memory architecture is 
set up in pages. Normally, you use 
one word to specify the page and the 
next word to specify the location 
within the page. Because most 
memory accesses are sequential, 
CTI’s interleaving scheme pre- 
fetches the next memory location 
and assumes it will be within the 
same page, thus saving the fetch 
operation of the page word. 

As a consequence, if the next 
memory location that the RAM re- 
quires is in the same page, no addi- 
tional wait states are necessary. If it 
isn’t in the same page and the RAS 
signal is high, there’s one wait state 
for a read memory access and one 
for a write memory access. If it isn’t 
in the same page and the RAS sig- 
nal is low, there are three wait 
states for a read operation and two 
for a write operation. CTI claims 
that, in the course of using a com- 
mon program like Lotus 1-2-8, you'll 
find the average number of hits and 
misses in prefetching the next ad- 
dress yields an effective wait state 
of 0.7. Keep in mind, however, that 
one wait state is always required for 
a memory-write operation—the 0.7 
figure refers to the average number 
of wait states. Although you can use 
120-nseec dynamic RAM with CTI’s 
chip set to achieve the 0.7 effective 
wait states, you need to use the 
more-expensive 100-nsec dynamic 
RAMs with 16-MHz systems. 


Shadow RAM speeds BIOS 


A PC/AT compatible’s basic input/ 
output system (BIOS) is stored in 
ROM, which can be slower than the 
slowest dynamic RAM. (The BIOS 
assigns interrupts to the interrupt 
vector table, handles keyboard com- 
munications, and generally per- 
forms basic functions that must be 
present for the disk operating sys- 
tem to communicate with the hard- 
ware.) At the faster wP speeds, the 
BIOS PROM access times force the 
wP to insert additional wait states. 
By transferring the BIOS software 
from ROM into fast RAM (shadow 
RAM) at power-on, you speed BIOS 
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execution time. Instead of accessing 
the slow ROM, the CPU obtains 
BIOS instructions from the fast 
shadow RAM. All three of the 
newer chip sets offer the shadow- 
RAM feature. 

Faraday’s chip set also lets you 
access the 8-bit BIOS instructions as 
16-bit words. Note that the ability 


to operate with 16-bit words instead 
of 8-bit bytes doesn’t automatically 
double the BIOS software’s execu- 
tion speed, because most of the 
BIOS-related hardware, such as the 
EGA (enhanced graphics adapter) 
operates on an 8-bit bus. 

IBM has copyrighted its BIOS, 
and thus your computer will require 


For more information: 2. 


For more information on the chip sets discussed in this article, contact he - 
following manufacturers directly or circle the appropriate numbers on the 
Information Retrieval Service card. 


Chips and Technologies Inc G2 Ine 
521 Cottonwood Dr 
Milpitas, CA 95035 

(408) 434-0600 

| Cirele No 729 


- Faraday Electronics Inc 


| 749 N Mary Ave 
eee CA 94086 


C incle No 730 


1655 McCarthy Blvd 
Milpitas, CA 95035 
(408) 943-0224 
Circle No 731 


Logicstar Inc 

4160-B Technology Dr 
Fremont, CA 94538 
(415) 651-2796 

TWX 510-601-1813 
Circle No 732 


VLSI Technology Inc 
10220 S 5lst St 
Phoenix, AZ 85044 
(602) 893-8574 

Circle No 733 


Zymos Corp 

477 N Matilda Ave 
Sunnyvale,CA 94086 
(408) 7380-5400 
TWX 910-339-9530 
Circle No 734 


a set of compatible BIOS software 
routines from a third party. The 
most popular BIOS ROMs are Phoe- 
nix’s (Norwood, MA) and Award’s 
(Los Gatos, CA). These BIOS rou- 
tines are fully compatible with 
IBM’s, so most of the clone manu- 
facturers use them. No major com- 
plaints have been reported. Faraday 
is the only chip-set manufacturer 
that has developed its own BIOS. 
Although CTI’s previous chip sets 
could use IBM’s own BIOS PROM, 
the CS8221 doesn’t because of the 
extensive wP register setup that 
must occur before the BIOS is 
loaded. CTI provides the register 
setup software that you have to load 
prior to loading the BIOS into the 
shadow RAM. Phoenix expects to 
have these setups incorporated into 
its BIOS by the next quarter. 
CTI’s, Faraday’s, and Zymos’s 
chip sets increase their memory size 
over a standard IBM PC/AT by 
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using some version of the Lotus- 
Intel-Microsoft extended-memory 
scheme (LIM EMS) (Ref 1). The 
LIM EMS standard supports a sys- 
tem RAM to a maximum of 8M 
bytes; CTI and Faraday implement 
this version. Zymos implements 
LIM EMS 4.0, which supports a 
system RAM of 16M bytes max. 

If none of the chip sets discussed 
here exactly suits your application, 
consider customization, either at 
the chip or board level. A chip-set 
manufacturer’s ability to offer ver- 
sions customized for your applica- 
tions varies, depending on the back- 
ground of the manufacturer. VLSI 
Technology and Zymos both stress 
their ability to easily customize the 
basic chip sets; both companies 
started in the ASIC business. 

Customizing a chip set provides 
several advantages. Your product is 
no longer based on a commodity 
chip set available to your competi- 
tion; plus, you can optimize the 


Transparent. Portable. The 
natural evolution of TCP/IP 
for UNIX™ Such a natural, in 
fact, WINS/Streams is the 
UNIX V.3 communications 


product for your particular applica- 
tion. However, the disadvantages 
may be stronger. For example, be- 
cause your product isn’t an off-the- 
shelf item, longer turnaround times 
are likely. 

CTI, the first vendor to offer 
PC/AT replacement chips, has only 
lately begun to mention that it can 
provide customized versions of its 
chips. However, it recommends 
them only for high-volume (25,000 
to 50,000) applications. 

Faraday, like CTI, lacks a back- 
ground in custom ASIC services and 
gives little encouragement to its 
customers to customize. Instead, 
the company takes advantage of the 
extensive SMT board facilities of its 
parent company, Western Digital, 
and recommends that you customize 
the support circuitry surrounding 
the chip set. 

Before you decide on an off-the- 
shelf chip set vs a custom design, 
you may want to try an evaluation 


board, which all of the chip-set man- 
ufacturers offer. Rather than com- 
mit to any chip set without verify- 
ing how it will perform with your 
software, you can test the chip set 
on a PC bus-based board. Table 1 
lists prices. EDN 
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ment schedules. EZ-PRO"* American Automation’s 
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tools, including precedence Workstation? hardware and software, for 
triggering, Deep Trace,” EZ-PRO users also have the 64180 projects—less than 
on-line code revisions, and advantage of the best post- $2,800° Same for 8051. 
performance analysis tools. sales support in the industry. The 68HC11—$4,495.* 
In addition to IBM* PC-XT/ They know that their Experience EZ-PRO for 
AT, hosts include IBM Personal emulators are covered by your next project. 


: 8031 Motorola: 6800 Hitachi: 6301R Rockwell: 6502 : 1802 
8032 68B00 6301V1 6503 1805 
8035 68HC11A2 6801 6301X 6504 1806 
8039 68HC11A8 6802 6301 Y 6505 CDP6805C4 
8344 68B02 6303R 6506 CDP6805C8 
8048 68000 146805E2 6305V 6507 CDP6805D2 
8049 68008 6803 63705 6512 CDP6805E3 


8050 68010 6808 6309 6913 Harris: v4 
8051 68B08 6309E 6514 . see NEM: i bee 


8085A 6809 64180R0 6515 

8085A2 6809E 64180R1 National: Signetics: 8X300 

8096/97 68B09 NSC800 8X305 
68BO9E 


-.. AND MORE *Assumes EZ-PRO Development Station 
connected to MSDOS host. 


IBM is a registered trademark | 
International Business Machin« 
VAX and MicroVAX are registered trademarl 


american automation nomen rpaced ear 
Oo Macintosh is a registered trademark | 

Apple Computer, Inc., Sun Workstatic 

is a registered ‘trademark of St 

9651 Dow Avenue, Tustin, California 92680 (714) 731-1661 Microsystems, hi 


FAX: 714/731-6344 
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IS SCOPE SETUP 
A SOURCE OF DELAY? 


The Tek 2465A with AUTO SETUP 
is the time-saving solution. See up 
to four waveforms on-screen at the 
touch of a button. Your display is 
triggered and scaled automati- 
cally, without having to adjust a 
single knob. Add other standard 
features such as 350 MHz 
probe-tip bandwidth, 2 mV/div 
sensitivity and auto trigger 
level—all in a Scope made 
for solving tough prob- 
lems in analog design. 
It makes trou- 
bleshooting trou- 
ble-free! 


CUT 
IT OUT! 


|_] Please send me your free Yes! | want a closer look at the Tek 2445A/2465A Family. 
videotape introduction, “The 


2445A/2465A Family: From 


Performance to Productivity.’ Name 
L_] Please send me your free 22-page 
brochure. Title 
[_] Please have a Tek representative 
get in touch with me as soon as Company 
possible to arrange a 
demonstration. hoacrcee 
In a hurry? Call Tek direct 
-800-426-2200 City State Zip 


D887-6-38AX EDN 
Phone Ext 


Tektrone 


COMMITTED TO EXCELLENCE 


Copyright © 1987, Tektronix, Inc. All rights reserved. PMA 816A-1 


SCOPES CUT OUT FOR 
YOUR KIND OF WORK. 


Accurate measurements, accu- 
rately interpreted. [he 350 MHz 
2465A builds on proven, industry- 
standard high performance. You can 
easily measure pulse parameters 
and frequency with on-screen Cur 
sors. Full bandwidth is maintained at 
2 mvV/div sensitivity to monitor low- 
amplitude signals such as noise and 
ripple with full fidelity. 

You can make timing measure- 
ments with 20-ps resolution at sweep 
speeds to 500 ps/div. And trigger on 
500 MHz signals from any one of four 
channels or on four asynchronous 
channels. Dual, delaying time bases 
mean precise measurements on 
complex waveform details. 

Measurement options, extended 
capabilities. For specialized per- 
formance requirements, five com- 
binable enhancements are available 
—a GPIB interface, digital multi- 
meter, counter/timer functions with 
enhanced triggering, 17-bit word 
recognition and video measurement 
Capabilities. 

Three multiple-option packages, 
the 2465A Special Editions, are con- 


POSTAGE WILL BE PAID BY ADDRESSEE 


Probe Tip 350 MHz 350 MHz 350 MHz 350 MHz 150 MHz 
Bandwidth 


No.of Channels 44 
Horizontal 2% 2 2 
Accuracy (.001%*) 
Max. Sweep 500 psec 500 psec 500 psec 500 psec 


Key Features 2465A DV | 2465ADM | 2465A CT aaesk  lowca | 
4 
2 


Speed 


Vertical Sensitivity | 2 mV/div 2 mV/div 2 mV/div 2 mV/div 2 mV/div 
Trigger Frequency | 500 MHz 500 MHz 500 MHz 500 MHz 250 MHz 
GPIB Standard Standard Optional 


FIRST CLASS 


Counter/Timer/ 
Trigger/Word 
Recognizer 


Video Trigger 


*with Counter/Timer/Trigger 


figured for specific application areas 
at a significant savings over the sep- 
arately ordered options. 

All models come with Tek’s com- 
prehensive three-year warranty on 
labor and parts, including the CRT. 


BUSINESS REPLY MAIL 


BEAVERTON, OR 


PERMIT NO. 1 


Tektronix, Inc. 

Del. Station 02-050 
PO. Box 500 
Beaverton, OR 97077 


_ “ 
Digital Multimeter | Standard Standard Not Optional 
Available 
Standard Not No Optional 
Available Available 


Optional 


3 years On parts and labor, including CRT 


% % % 2% 
(.001%*) | (.001%*) —| (.001%*) ‘| (.001%"*) 
t 


Get the full story! Return the 
reply card, or call your Tek Sales 
Engineer for a hands-on demonstra- 
tion. To place an order or request 
product literature, call Tek direct: 


1-800-426-2200. 


NO POSTAGE 
NECESSARY 


IF MAILED 
IN THE 
UNITED STATES 


Analog CAE is 
More Than SPICE. 


It’s the ability to predict 
manufacturing yields, find stressed 
components, and pick devices from 
libraries containing over 1,200 simple 
and complex devices. It gives you 
software-based instruments that act 
just like the instruments 
in your lab—except 

they make 

measurements 
that would be 
impossible with 
normal lab 
equipment. 

Analog CAE is now 
all of this, and more—thanks 
to the Circuit Design Tool Kit 
and the popular Analog Work- 

bench™ and PC Workbench”™ soft- 

ware. All are designed to work with 
a variety of CAE and CAD systems, 
simulators and models (including 
your own), and remote computers. 

Why settle for SPICE alone when 
you can have a complete set of the 
most advanced design tools made 
today? See the latest in analog CAE for 
yourself: call 1-800-ANALOG-4, 
ask for a FREE Demo Disk or Video. 
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ANALOG 
DESIGN 
TOOLS 


1080 East Arques Avenue 
Sunnyvale, CA 94086 
408-737-7300 or 1-800-ANALOG-4 


© 1987 Analog Design Tools, Inc. 
Analog Workbench and PC Workbench are 
trademarks of Analog Design Tools. 
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Easy ASIC 


Most complete ASIC building blocks. 
* Most versatile design/package options. 


Nobody but nobody puts ASIC technology volume fabrication, assembly and testing 


together like OKI Semiconductor can. completed in one of the world’s most 
Ease into ASIC with OKI as your close ee e0ueee aa ocne 
facilities. 


working partner—and you instantly 
support your VLSI application with the 
most comprehensive ASIC capabilities on 
the world market today. Bar none. 


From gate array, standard cell and full 
custom chips to standard components 
to integration to advanced board level 
products, OKI alone puts you on the 
leading edge of ASIC technology and its 
complete implementation. 


OKI: ..22 %< 


Opt for OKI ASIC, and you open up your 
options across the board. Only OKI now 
offers the system designer the unique 
security and entry ease that only a 
proven track record in CMOS ASIC 
problem-solving can provide. This his- 
tory of performance built up since 1977 
has produced the widest range of solid 
building blocks yet: advanced ASIC prod- 
ucts and packaging including surface- 
mount, backed up with the most flexible 
cell libraries, CAD/CAE design tools and 
development aids. 


As your working partner, OKI ASIC ex- 

pertise is available to you at any stage of ASIC Solutions from OKT: 
the development process. We’ll help you You can’t beat the logic! 
define system requirements, determine 
the most cost-effective product solutions 
and supply complete design software— 


eee ee 


accessible at your own workstation or I Please rush complete technical data/specs 
through our regional design centers. And § onOKI capabilities in: 
then we take it from there: with high Ei ( ) Gate Arrays 

gl ( ) Standard Cells 


4 .~ : (  ) FullCustoms 


Es q ( ) Please call: we have immediate requirements: 


\ aX | Name/Title 


ee 
Company 
Attach coupon to business card or ietterhead and return 
to: ASIC Customer Service, OKI Semiconductor, 650 North 
Mary Avenue, Sunnyvale, CA 94086. Tel: (408) 720-1900. 
CIRCLE NO 190 EDN111287 


“All my military and space “Same supplier, too... 
ASICs...same tools!” Harris.” 


we 


90 EDN November 12, 1987 


Remember when semicustom IC designing was impractical ber 
too limited, your CAD tools too new and turnaround too 
Times have changed! Now Harris makes designing n 


e same workstation and | 


“J 


of technologies — easier than ever. Because you use th 


Libraries of solutions: Our GaAs DIGI-II library offers nearly 50 fully tar 


that are ECL, TTL, CMOS or GaAs compatible. Or...in silicon our advanced HS 


hard CMOS library provides cells and macros you can intermix. Resident libraries 
and bipolar, analog, and digital plus analog/digital mixed technologies. __ 


Hardware and software: Our open-system soft are CAE/CAD toolset fully itegrates | 


with Harris/Masscomp workstations, and meshes easily with other UNIX-based platforms. Daisy 
and Mentor support is also available. : 2=—r—e—e—s—<—<—sS~—sSsSsh 

On to manufacturing: You handle the front-end; leave the back-end to Harris. We carry 
your ASIC design through to mask, then manufacturing — with the screenings you want and most 
popular packages: metal flat-pack, side-brazed DIP, chip carriers, and more. 

Guaranteed survivors: Now you can create ASICs that tap the high speed of GaAs, or 
the low power of CMOS, and are guaranteed to survive military and space environments. And you 
can doitfaster 7 / 

For more on military /space silicon and GaAs ASICs, send for our Rad-Hard/Hi-Rel Data Book. 


Contact Harris Systems Ltd., Semiconductor Sector, Eskdale Road, Winnersh, Wokingham, Berks, 


RG11 5TR, England. Phone 0734-698787. 


IN MILITARY ASICs, 
THE NAME JS 


Harris Semiconductor: Analog , CMOS Digital 
Gallium Arsenide - Semicustom - Custom 


©1987, Harris Corporation ca HARRIS 
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‘Shatter the 


on-Stop Performance. 
nly WaferScale can take your 
gh-performance MPU, microcontroller, 
DSP processor past the conventional 
eed limitations of standard EPROMs. 
ith a line-up of high-density CMOS 
PROMs that make wait-states a thing of 
le past. 


SI’s patented 1.2-micron, split gate 
MOS EPROM technology makes it 
ossible to push 80286s, 80386s, 68000s, 

S320XXs, MC56000s and similar 
ocessors to maximum speed. 


2K x 8 in 55 ns. 

leal for fast, byte-wide applications, 
SI’s 32K x 8 (WS57C256F) comes 
rough with CMOS low power, high 

peed, and fast standard programming. 
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EPROMs around. To find out more, call 
today: 800/331-1030, extension 234. 
In California, call: 

800/323-3939, extension 234. 


16K x 16 in 55 ns. 

Designed for 16-bit, word-wide DSP and 

microprocessor applications, WSI’s 16K x 

16 CMOS EPROM (WS57C257) packs 

high performance and low power into 

less board space. Selected WSI High-Performance 
EPROMs/RPROMs 

32K x 8 goes Mil-Spec in 90 ns. 

WSI’s very-low-power military 32K x 8 

CMOS EPROM (WS27C256F) provides 90 

ns access time over the full military 

temperature range, and fast standard 

CMOS EPROM programming. 


Commercial Military 
Speed Speed Type 


55 ns 70ns 32K x 8 CMOS EPROM 
55 ns 70ns 16K x 16 CMOS EPROM 
90 ns 90 ns 32K x 8 CMOS EPROM 
55 ns 70 ns 4K x 16 CMOS EPROM 
55 ns 70 ns 8K x 8 CMOS EPROM 
55 ns 70 ns 8K x 8 CMOS RPROM 
WS57C49B 35 ns 45 ns 8K x 8 CMOS RPROM 
WS57C43 55 ns 70 ns 4K x 8 CMOS RPROM 
WS57C€191/291 45 ns 50 ns 2K x 8 CMOS RPROM 


Y/arer/Cace 


47280 Kato Road 
Fremont, California 94538 
(415) 656-5400 : 


Part No. 
WS57C256F 
WS57C€257 
WS27C256F 
WS57C65 
WS57C64F 
WS57C49 


In fact, WSI offers the broadest, fastest 
family of high-performance military 
CMOS EPROMS available. Every WSI 
CMOS EPROM can be specified for 
enlistment in military applications from 
advanced warning systems to secure 
digital communications. And WSI 
mil-spec devices are available in DIP or 
space-saving CLLCC packages. 


Break some barriers of your own. 
Whether you're piloting commercial or 
mil-spec, WSI can take your design 
through the performance barrier with the 
fastest fleet of high-performance CMOS 


RPROM is a trademark of WaferScale Integration, Inc. 
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Options. No other ASIC company is able 
peripheral controllers on a single IC. 
Integration. No ASIC supplier is better 
blocks in 2 um and 3 ~m geometries. 
Speed and total control. No matter 
: | : MAN: elaborate, NCR puts the design tools 
in your hands to combine standard 
design starts. Or prototypes. We mean one of the 
highest design-into-production success rates of 
Long-range migration strategy. NCR 
helps prevent technology obsolescence. 
growing pains and without going 
through lengthy re-design cycles. 
provides you with the CAD tools 
that can build a chip with 
outrival the competition. 
A great track record. NCR — 
| concept through fabrication. 
On-time. On- -budget. 
~ Call 303-226-9500 for our 
t-filled ASIC data package. 
| Products, 2001 Danfield Court, 
Ft. Collins, CO 80525. 


to pack more logic, memory, processors or 
equipped to integrate large functional 
how unique your application or how 
CHIP cells, supercells and compiled cells faster 
than you ever thought possible. 
@ First-pass success. And we don’t mean 
any ASIC supplier on the planet. 
Your design evolves without the usual 
The competitive edge. NCR 
functions and densities that 
f I you have to do is say when. 
rite Commercial ASIC 
NCR hot line 1-800-334-5454. 


NCR Microelectronics Division 
©1986 
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PRODUCT UPDATE 


Conductive-rubber keyboards feature 
tactile feedback, suit harsh environments 


The SF62000-Input keyboards pro- 
vide the environmental sealing 
you'd associate with membrane key- 
boards, yet have tactile feedback 
similar to that of full-travel key- 
boards. Their environmental seal- 
ing exceeds BS-5490 class IP67 re- 
quirements, suiting them for use in 
wet, corrosive, or otherwise hostile 
conditions. The keyboards can also 
withstand a high degree of mechani- 
cal abuse. Standard versions include 
4-, 12-, and 16-key keypads, and a 
“qwerty” keyboard; you can also 
have custom keyboards manufac- 
tured to your requirements. 

The keyboards incorporate a 1- 
piece silicone-rubber molding that is 
profiled, providing raised keys. Be- 


COMPRESSION RIBS FOR 
SEALED APPLICATION 


__ 0.1-IN.-PITCH FEMALE CONNECTOR 


cause they’re self-supporting, both 
laterally and vertically, these raised 
keys don’t require the rigid key- 
switch housings often found in other 
conductive-rubber keyboards. As a 
result, the keyboards have no cracks 
or crevices that can harbor dust and 
dirt, and you can clean them by 
scrubbing them down. The silicone- 
rubber molding fits over a metal 
backplate that also supports a plas- 
tic film on which the switch-contact 
traces are printed. The plastic film 
also provides a flexible leadout for 
connections to the switch matrix; 
the leadout is terminated in a 0.1- 
in.-pitch connector. 

When you press a key, the sili- 
cone-rubber molding deforms to 


provide 1.4 mm of switch travel, as 
well as tactile feedback. Conductive- 
rubber inserts molded into the sili- 
cone-rubber provide the moving 
switch contacts. The keyboard re- 
tains its tactile feedback and switch- 
contact performance even if you 
strike the keys hard or off-center. 
The switches have a maximum 
contact bounce of 5 msec and a maxi- 
mum contact resistance of 2000. 
You can operate them at voltages as 
high as 24V de and at currents as 
high as 50 mA. The force required 
to operate each key is typically 1.16 
oz (160g). The vendor claims the 
keyswitches have a typical lifetime 
of 2 million operations without no- 
ticeable fatiguing of the silicone 


While retaining tactile feedback and positive key travel, the self-supporting keys of the SF62000-Input conductive-rubber keyboards 


eliminate the need for rigid switch housings. As a result, the keyboards have no cracks or crevices to harbor dust and dirt, and you can scrub 


them down. 
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WITH OUR CONNECTIONS 
YOU CAN’T GO WRONG. 


3 AOE ©MCMLXXXVII Phillips 66 Company: 


Today's connector designers insist on connectors 
that can stand up to vapor phase and other high 
temperature soldering operations. That's why they 
insist on Ryton’ PPS from Phillips 66. 

Ryton PPS provides outstanding high temper- 
ature performance, dimensional stability, chemical 
and flame resistance. Combine these with Ryton’s 
other outstanding physical and electrical properties 
and you get a resin that will increase both cost- 
competitiveness and performance capabilities. 

__ With Ryton PPS, you can’t go wrong.For more 
information, call today toll-free 1-800-53-RESIN. 


CBB yo 


PLASTICS WITH POWER TO WIN.” 
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UPDATE 


rubber or unacceptable degradation 
of switch performance. In addition, 
the keyboards operate over —55 to 
+125°C, so they’re suitable for use 
in military equipment. 

The keyboards are available with 
gray, black, or brown silicone-rub- 
ber moldings and a range of inter- 
changeable keycap inserts with al- 
phanumeric or symbolic legends. 
When you use the integral threaded 
mounting studs to mount one of 
these keyboards on a front panel, a 
lip around the edge of the silicone- 
rubber molding provides an envi- 
ronmental seal between the key- 
board and the front panel. 

You can also mount the keyboards 
alongside one another to create 
more complex switch panels. The 
SF62000-Input keyboards, which 
were developed in conjunction with 
Keymat Technology Ltd (London, 
UK), range in price from $24 for the 
4-key keypad to $75 for the qwerty 
keyboard. You can order custom 
keyboards that incorporate integral 
keyboard encoding or control logic, 
LED backlighting, and molded-in or 


| vulcanized keycap legends. The ven- 


dor will offer a standard range of 
backlit keypads in the second quar- 
ter of 1988.— Peter Harold 
Marconi Electronic Devices Ltd, 
Microsystems Div, Hargreaves kd, 
Groundwell Industrial Estate, 
Swindon SN2 5BE, UK. Phone 
(0793) 727005. TLX 444460. 
Circle No 735 
Marconi Electronic Devices Inc, 
Microsystems Div, 45 Davids Dr, 
Hauppauge, NY 11788. Phone (516) 
231-7710. TLX 275801. 
Circle No 736 
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Products of Your Environment. (i 
1e1ag-use f1ber Optic 


connector so tough, you could 

roll a 5 ton truck over it. A Parallel 
Interconnect that allows a gas-tight 
interface in 60 seconds flat. A cabling 
assembly enabling a single connector 
to handle electronic signals, fiber 
optics and power supply. 


These are but a few 
innovations in interconnections 
from ITT Cannon. But we couldn't 
have done it without you. Because 
success throughout our company 
relies on a thorough knowledge 
of your company’s environment. 


Take strategic partner- 
ing, for example. We dont create 
a custom solution by shaking your 
hand and jotting down a few notes. 
When we design-in, we get inside 
your environment. 


Then there's Cannon's 
near-zero defect rate. It got that 
way, and stays that way, because we 
test each product in a carefully 
simulated environment. 


As for delivery, we built 


a dependable system by studying 
the needs and scheduling realities 
of our customers’ business environ- 
ments worldwide. 


And Cannon stays price 
competitive by always asking the 
question, “How will this connector 
be used?” Considering the connec- 
tor’s ultimate environment has taught 
us that keeping quality high ends 
up costing our customer less. 


So if you'd like a part- 
ner who will take the time to learn 
about your environment, take a 


moment to contact [TT Cannon 
at (714) 964-7400. 


Worldwide Headquarters 
10550 Talbert Ave. 
Fountain Valley, CA 92708 
Or call (714) 964-7400 
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ITT CANNON 


Were making progress. 
Not excuses. 


PRODUCT UPDATE 


High-speed CMOS 8-bit wC provides 
on-chip ADC and nonvolatile EEPROM 


You can think of the MC68HC05B6 
as an upgraded version of an 
MC68HC05C4. The manufacturer of 
this 8-bit, single-chip wC took the 
CPU core of an MC68HC05C4 and 
added an 8-channel A/D converter, 
two pulse-length-modulation (PLM) 
systems, 1792 additional bytes of 
ROM, eight more bidirectional I/O 
lines, a serial communications inter- 
face (SCI) that allows you to select a 
separate baud rate for the transmit- 
ter and receiver, a software-selecta- 
ble Slow Mode, and a software-pro- 
grammable external interrupt. 

If you need more EEPROM, you 
can order the MC68HC805B6, a ver- 
sion that provides 6k bytes of 
EEPROM and no ROM. If you don’t 


PLMA D/A PLMB D/A 


PLM SYSTEM 


PBo 


require EEPROM, you can select 
the MC68HC05B4, which has 4k 
bytes of ROM. 

The on-chip A/D converter is the 
key feature that lets these B-series 
wCs bridge the functional gap be- 
tween the low-end MC68HC05C4 
and the memory-laden MC- 
68HC11A8. Comprising an 8-bit 
successive-approximation converter 
and a 16-channel multiplexer, the 
A/D converter links eight channels 
to the wC’s Port D input pins. The 
other eight channels are dedicated 
to internal reference points for test 
functions. Rather than being driven 
by the heavily loaded system-power 
supply lines, two dedicated pins 
supply the converter’s reference 


TCAP1 TCMP 


1 
TCAP2 TCMP2 


TIMER SYSTEM 


PB, 
PBo ACCUMULATOR | 
PORTB  PB3 


1/0 LINES PB, 


INDEX REGISTER ss 

PBs . 

PBs i= 
CONDITION CODE 

PB? REGISTER _ 


i | STACK POINTER 
PA, 
P. 


PORT A 
1/0 LINES 


PROGRAM COUNTER 
HIGH 


PROGRAM COUNTER 
LOW 


SELF-CHECK 
432x8 


EEPROM 
255x8 


OPTION REG 


CHARGE PUMP 


, RDI 
STATIC RAM SCI SYSTEM SCLK 
176x8 TDO 


voltage to prevent any degradation 
of conversion accuracy. 

The static design of these B-se- 
ries devices lets you operate at fre- 
quencies as low as de, thus reducing 
the chip’s power consumption to as 
little as 10 pA in the pC’s Stop 
mode. The wC consumes a maxi- 
mum of 9 mA of supply current 
during normal operation. In Slow 
Mode, its current consumption 
drops to 2 mA. When you select the 
Slow Mode function, you add an 
extra divide-by-16 circuit between 
the chip’s oscillator and its internal 
clock driver, thereby dropping the 
bus speed to 16 times slower than 
nominal—a particularly useful fea- 
ture for use with the wC’s two pow- 


OSCILLATOR AND OSC1 
| DIVIDER BY 2/32 OSC2 
INTERNAL 
PROCESSOR CLOCK 
8 PCo 
PC; 
PCo2 
PORT C 
PC3 I/OLINES 
PC4 
PCs 
PCé5 
PC7 


PDo/ANo 
PD1/ANy 
PD2/AN2 
PD3/AN3 
PD4/ANg 
PDs/ANs 
PD6/ANe 
[ PD7/AN7 
VRH 

VRL 


A/D 
CONVERTER | 


——Vop 
— Vs 


The MC68HC05B6 1-chip wC is an upgraded version of the MC68HC05C4; it includes an on-chip A/D converter, 256 bytes of EEPROM, and 
bidirectional I/O for synchronous and asynchronous communication. 
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WHY ARE ENGINEERS 
CHANGING FROM $500 PROJECT 
MANAGEMENT PACKAGES 


44Brown and Caldwell has been 
using InstaPlan for several months. 
We have decided to adopt it nation- 
wide for our 160 project managers. 
We believe it can improve our 
ability to win contracts and to suc- 
cessfully manage them in today’s 
competitive engineering market. 
InstaPlan appears to be an excel- 
lent tool for engineering.99 

Richard Aberley, President, Brown & 
Caldwell Consulting Engineers. 


InstaPlan helps you organize your 
project in natural “top down’ outline 
form. First you establish objectives 
and costs.Then define activities. 


Assign time, people and present results 


in a professional graphic form. 


InstaPlan makes your work easier. 
Expense graphs. Schedule tables. Cus- 


tomized Gantt charts showing schedule 


connections in page or wall size. With 


InstaPlan presentation graphics, people 


can quickly see responsibilities and 
deadlines. 


44I’ve used Superproject Plus & 
Harvard II. InstaPlan is clearly 
superior.99 
Tim Malagon, President 
Project Information Services 
Corporation. 


Fully 70% of the InstaPlan users we 
surveyed have tried the competition. 
So if you're dissatisfied with the pro- 
gram you're using now, we invite you 
to find out why so many people are 


switching. And if you're new to project 


planning software, it makes sense to 
Start with the best. 


Harvard Total Project Manager is a trademark of Software Publishing 


Corp. Superproject Plus is a trademark of Computer Associates. 
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TO$99 INSTAPLAN? 


The Project Planning and Presentation System 
that works the way you think. 


441 like the ability to track the actuals 
of when tasks are completed.99 

Larry Fortune, Director, Product Design 
and Development, Fife Corporation. 


InstaPlan Specifications 
- 600 Activity capacity (640K RAM) 
- 11 level outline of activities (WBS) 
- Duration or man-hour estimates 
* Unlimited schedule connections 
- 11 level resource outline 

¢ Users manual with tutorial 


InstaPlan’s Tracker option lets you 
compare status and progress against 
your plan. With it, you'll spot timing, 
workload and budget problems before 
they occur. 


j So 
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Tracker Option 

- Allows you to freeze baseline plan 

- Input actual schedule and resources 
used 

- Variance mode of Gantt, Spreadsheet, 
Loading views show detail change 
from baseline plan 


| + Product Bevelopment 
* + Market Research 
~ Conduct Survey 
~ Conduct Focus Groups 
~ Develop Buyer Profile 
+ Market Test 
+ Select Test City 
+ Establish Resellers 
- ferange Test Stores 
~ Sign Dealer Contracts 
= Train $ Salespeople 
cock Product 


ket introduction 
ct with Distribators| 


s Training 


An Air Tight 30 Day Guarantee. 
Try out InstaPlan for 30 days. See how 
much more effective it makes you. If 
you're not completely satisfied, we'll 
cheerfully refund your money. 


$99. ORDER TODAY. NO RISK. 
800-852-7526. 


Recommended Configuration: IBM PC/XT/AT or compatible, 640K 
RAM (512K minimum), Hard Disk or Dual Floppy. Printers Supported: 
IBM Proprinter & Graphics Printer, Epson FX/MX/RX/LQ* Okidata 
Plug'n Play 92/3, Microline 192/3, 292/3* Toshiba 351* 


and HP Laserjet Plus* 
(72x120dpi, B/W). 


- Individual calendars per person 
- Resource levelling and smoothing 

- Focus Selects activities for screen or print 
- 7 View, color control, many reports 

- Context sensitive on-screen help 

- Presentation Gantt Diagram shows 
schedule connections in page 

or wall sized format 


¢ Data transfer 
to 1-2-3"/dBase III™ 
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: instaPlan 


InstaPlan Corporation, 655 Redwood Highway, Suite 311D, Mill Valley, CA 94941 (415) 389-1414 


OC Send me InstaPlan. $99 05%" Disk [| 
O Send InstaPlan with tracking option. $169 0 3%" Disk 116% 

Add $6.00 shipping and handling. $10 Canada. $20 International. California L. i: 18 
Residents, add 6% Sales Tax. ‘: 
1 Send me more information on InstaPlan. [ sus 
OiCheckenclosed Visa (MasterCard 0 American Express I 
Card # Expires: i 
Signature [ 
Name I 
Company L 
Address 
City State Zip 

le ee cs re ee ee eee =a ae) = 
Not copy gs tuion Site oe available. 2" 
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Polaroid’s Ultrasonic 
Ranging System 
opens the door 
to new technology. 


Itcan be found in “non-touch”’ 
screen computer monitors, AGV's, 
industrial robotics, electronic 
games, tape measures, aids for the 
disabled, loading docks, collision 
avoidance systems for cars, trucks 
and pleasure vehicles. And, yes, it 
even opens doors. 

The Polaroid Ultrasonic Ranging 
System is an accurate, highly sensi- 
tive way to detect and measure the 
presence and distance of objects 
from 10.8 inches to 35 feet. 

What's more, accuracy, sensitivity 
and range can all be improved with 
circuit modifications. 


Three of a kind. Polaroid offers 
three ultrasonic transducers for a 
wide variety of applications. You can 
choose the original instrument- 
grade transducer, proven in millions 


of SX-70 Sonar Autofocus cameras. 


Or our Environmental Transducer, 
available in a sturdy 

housing to with- 

stand exposure 

to rain, heat, 

cold, salt spray, 

chemicals, shock 

and vibration. And 

now you can select our newest, 
smallest transducer, developed for 
Polaroid Spectra, the camera of the 
future. All use reliable, accurate and 
Sensitive electrostatic transducer 
technology. All are backed by 
Polaroid. 


UPDATE 


er-saving standby modes (Stop and 
Wait), during which current con- 
sumption can drop to 10 pA. 

The on-chip, full-duplex, asyn- 
chronous SCI comes with a stand- 
ard NRZ format and a variety of 
baud rates. Although the SCI’s 
transmitter and receiver are func- 
tionally independent and have sepa- 
rate baud-rate generators, they 
share a common baud-rate prescaler 
and data format. You can execute 
software commands to select from 
one of 32 different baud rates; for 
each transmit baud rate there are 
eight possible receive baud rates. 
The SCI’s advance-error-detection 
feature can spot noise at “eth the 
time that it takes 1 bit to pass 
through the SCI. The SCI also lets 
you implement transmitter clocks 
without altering the regular trans- 
mit or receive functions. 

The MC68HCO5B6 comes with 
176 bytes of RAM, 5952 bytes of 
ROM, 256 bytes of byte-erasable 
EEPROM, 32 bidirectional I/O 
lines, a 16-bit timer, a watchdog 
counter, a crystal oscillator, a single 
3 to 6V supply, and an external 
reset pin. Its software features in- 
clude an 8X8 unsigned multiply in- 
struction, addressing modes with 
indexed addressing for tables, and 
memory-mapped I/O. Its software 
is upwardly compatible with soft- 
ware for the MC146805 CMOS uC 
family. 

Housed in either a 52-pin PLCC 
or a 48-pin DIP, the MC68HC05B6 
costs $4.90 (OEM qty). The 
MC68HCO5B4 sells for $4 (OEM 
qty), and the MC68HC805B6 is 


Get a $2 Million Head Start. Polaroid spent over $2 million developing the Ultrasonic Ranging 
System. But now you can get this technology in our Designer’s Kit for only $165*. To order your 
Designer's Kit, please send a check or money order for $165 for each kit, plus all applicable state 
and local taxes, to: Polaroid Corporation, Ultrasonic Components Group, 119 Windsor Street, 
Cambridge, MA 02139. Questions? Call Polaroid’s Applications ce aa at 617-577-4681. 


Please send me Designer's Kit(s). 
Please send more information. 


| available in limited quantities for 
$49.50. For $500, you can order eval- 
| | uation modules of the MC68HC05B6 
| for development support. 

| —J D Mosley 
Motorola Inc, 6501 William Can- 
| non Dr W, Mail Drop OE39, Aus- 
| 
| 
| 


| Name 


Title tin, TX 78735. Phone local sales 
office. 
Compan ‘ 
_ Circle No 737 
Address 
City State END nese = Pola roid 
|__ ‘Pricing subject to change EDN111287 “Polaroid”, “SX-70" ® “Spectra” ™ 
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INNOVATION — THAT LASTS 


The Sweep Of An Analog Display 
The Benefits Of A Digital 


Have the Best of Both Worlds 


Triplett’s bold R&D efforts yield panel instrumentation 
that is versatile, innovative — and built to last. 
LCD Bar Graphs — reliability from Triplett. 


Practical Choices 


e Custom backlit red, green, amber, blue — 
or combinations. 


¢ Low cost reflective black on gray standard. 

e 103 segment bar graphs for new installation or to 
replace 3.5 inch and 4.5 inch analog instruments. 

e Custom dial faces. 

e Choice of: DC, AC, 5 AC amp direct or VU inputs. 

e Case styles: rectangular, edgewise, vertical, horizontal. 

e Surface or window mount. 


CIRCLE NO 67 
EDN November 12, 1987 


Useful Features 

e LCD indicators are meaningful from 20 ft. 

e 7 |/O lines for computer interfacing. 

e User changeable high and/or low set points. 
e Peak and/or valley retention. 

e TTL compatible output control lines. 

e Custom IC technology. 


Imagine What These LCD Bar Graphs 
Can Do For You! 


For more information, call 1-800-TRI-PLET ext. 54. 
Ask about our new low pricing. 


ae TRIPLETT CORPORATION 
a7 


One Triplett Drive, Bluffton, Ohio 45817 
419/358/5015 « TWX 810/490/2400 e FAX 419/358/7956 
Circle 106 for FREE demonstration 
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Wyse takes the high cos 
out of high resolution. 


4 ee! eee — A t $999, the WY-700 Graphics Subsys t em 
ree §€=—Ssi easily affordable. And its 1280 x 800 


ao resolution makes the best of software 

packages like these: 
DESKTOP PUBLISHING COMPUTER-AIDED 
Ventura Publisher DESIGN 
PageMaker/PC AutoCAD 
Frontpage Cadvance 
DeskSet In-A-Vision 
Pagemaster Generic CADD 
Rim System VersaCAD ADVANCED 
Compound Document Workview 

_ Processor Procad PC 

2” Display Ad Make-up P-CAD Systems 
— aaah GRAPHIC SYSTEM TOOLS 
AdvanTex 
MS-Windows 

GENERAL PC SOFTWARE GEM 
Lotus 1-2-3 MetaWindows 
Symphony HALO 


PC-Paintbrush KEE PC 


Wyse raises the standards for You can do it all on the 3571 N. First Street, San Jose, 
high resolution graphics, while | WY-700. A complete system, CA 95134. Or call toll-free, today, 
lowering the cost. monitor and board, for just $999. for more information. 

Now you can have high With a large 15-inch display, -Q“n- J 
resolution and full IBM soft- full tilt and swivel, and a crisp Call -800-GEF'WYSE 
ware compatibility. | 1280 x 800 pixel resolution. 

So Desktop publishing The WY-700. It’s your best WYS F 
applications can get the screen __ solution for high resolution. 
treatment they deserve. You Write Wyse Technology, bt of of 


can run spreadsheets like Lotus Attention: Marcom Dept. 700, YOU NEVER REGRET A WYSE DECISION. 
1-2-3 with four times | 
more data displayed on 

the screen. Computer- 
Aided Design packages 
can deliver their full 
potential. And Graphics- 
based pc environments 
finally have the high res- 
olution they were made for. 


WYSE is a registered trademark of Wyse Technology. WY-700 and the “V” shaped design are trademarks of Wyse Technology. © 1986 Wyse Technology. 
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Promises, Promise 


Prove it to yourself. Read the screens below. Then ask 
any other development system—standalone or host 
control—to match them. We’Il wait. 

Now you know a few reasons (and there are plenty 
more) why ECHO should be your emulation tool for 
today’s increasingly complicated software debugging. 


Everybody promises, but nobody delivers a real- 


time, emulator-based C-debug environment like Arium’s 
ECHO. 16-bit, true multitasking and UNIX-based, 


ECHO gives you more power, speed and menu-driven 
features to handle the 68000 and other Ps better than 
the HP 64000, or anything else. 


Just words, you say, promises like all the rest? 


STATE PE 

~PG88 short idle(recur) 

“8808 ini recur ; 

~BEGR 

~BRaS { 

~BBN8 GOG168 static int ilecal = 1866; 


fiddress 
idleti# 
jdle+24 
idierit 


NSTRUCTION 
SHOP 1ie recur } 
int recur ; 


re 
me 


Set delay 


6613 Evaluate . /* dunny var variable ¥*/ 


8613 

6bi3 ¢ 

BG13 BBS1ES 
BE13 BBB168 
613 

B13 GEBI68 


static int ilocal = 1688; 
int precur; 


nrecur = 8; 


/* dunny var 


= 


Go 

History 

Load file 
Set nenory 
Hap nenory 
Set register 
Reset target 


~G048 BEG168 
~ G48 

~BH48 BEG1E8 
~BEYSFHHE1E8 
~BBG4 BOG1EC 
~BBS9+088160 
~B038+888176 


int nrecur; 


arecur = 6; 
CLR.L nrecur 
if (recur > 8) { 
TST.L recur 
BLE.S $18¢ 


BEB9 BeG16C if (recur > 8) { 
886172 nrecur = ~8835 800172 


~8835+600172 


Set qualifier 
Save file 

Set sequence 
Stack trace 
Single step 
Set trigger 
Set trap 

Set variable 


nrecur = recur - 1; 
MOVE.L recur D8 
~BO33+008176 SUBG.L 641, D8 
~G830+608178 © HOVE.L D8, nrecur 
BOGCEIES starrayltT.c = 
BEGGEHES starraylOl. i 
BOQGESEC starraylB}.str 
GOCGBNFG starraylil.ec 
BEBGGUE?2 starraulil.i 
BEGOBNFG starrayfil.str 


4 
wi 


Crass-trigqger 


4 


ingle tfac 
9, (hBif) then 8 
fi, @ then (84041) 
{f+B) thes € then B 
fi then (B40) then 0 
fi then B then (C+D) 
fi then 8 then € then B 
A then (B uithowl ©) 
, f then 8 then € &. f then (B uithout €) then 2 
be CREB) then (£40) H. & then & then (C without 0) 
cify trigger words and select sequence 


mn veg POE 
ms 
of 

in 


= 


'4. ff then B 
1S. (A+B) then 
i$. A then (B40) 


try 


Wo none 


+ statey Poh testDoxtex next state ' =_“string 2 
2: newstate( oldstate=#8 ) fron stateb+ix32 | 

i; idle{ recur=+2 ) fron newstate+8x78 i 

6: idle( recur=+i ) from idletGxil 


se scroll up/doun /doun and 


turn to exit 
Th 


TimeStamp™ and variable display are two 
further features that are a must for real-time 
C-debug. Note the display of two instances 
of a structure in array “starray.” The contents 
of these structures, as for any C variable, 

can be changed right on the screen. 


Stack-Relative Trigger lets you trigger on 
the addresses and values of stack-relative 
variables—a “must” for effective C-debug 
where the address of an automatic variable 
is different each time the function is called 
and is determined at execution. Here, a read 
of the local variable “nrecur” is included in 
the trigger sequence. 


Code Preview™ lets you see where your code 
is going. You can follow calls and branches 
(to 99 levels) on the screen, to select the 
source line on which to trigger, then set and 
break in one keystroke! The highlighted 
trace display (in source) and stack trace 
window show the path your program took. 


For ademonstration call 


800/862-7486 (CA 714/978-9531) 


CORPORATION 
1931 Wright Circle, Anaheim, CA 92806 


WESCON Booth #2628 & 2630 CIRCLE NO 100 
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The ACL Computer Age. 


The future belongs to computers and peripherals 
built with RCA Advanced CMOS Logic (ACL). 


The pressure is on to make your systems 
smaller, faster, cheaper. 

Some of your competitors are doing just 
that by incorporating ACL into their new 
designs. If you want to stay on the fast track, 
you can't afford not to consider ACL for your 
new designs. 


The computer of the future. 

Imagine a computer with power dissipa- 
tion so low you could eliminate all cooling sys- 
tems. Or design a sealed system to prevent 
dust problems. 

And get dramatically improved reliability, 
thanks to the far lower heat generated. As well 
as far smaller system size. 

You'd also be able to use it in a far wider 
operating temperature range (-55°C to 
+125°C). Even in high-noise environments. 


FAST* speed, CMOS benefits. 

Advanced CMOS Logic gives you high 
speed (less than 3ns propagation delay with 
our AC0O0 NAND gate) and 24 mA output 
drive current. 

But unlike FAST) it gives you a whole new 
world of design opportunity for computers, 
peripherals, telecommunications and other 
speed-intensive applications. 

ACL dissipates less than 1/8 Watt while 
switching, compared to 1/2 Watt fora FAST 


IC (octal transceiver operating at 5 MHz). And. 


quiescent power savings are even more dra- 
matic: ACL idles at a small fraction of the 
power ofa FAST IC. 


*FAST is a trademark of Fairchild Semiconductor Corp. 


In addition, ACL offers balanced propa- 
gation delay, superior input characteristics, 
improved output source current, low ground 
bounce and a wider operating supply voltage 
range. 


Latch-up and ESD protection, too. 

Latch-up concern is virtually eliminated, 
because ACL uses a thin epitaxial layer which 
effectively shorts the parasitic PNP transistor 
responsible for SCR latch-up. 

Anda dual diode input/output circuit pro- 
vides ESD protection in excess of 2KV. 


A broad and growing product line. 

Our line already includes 75 of the most 
populartypes. By year-end, we'll have 126 
types (20 SSI, 100 MSI, and 6 LSD) in both AC 
and ACT (T'TL-compatible) versions. 


All this at FAST prices. 


Our ACL line is priced comparably to 
FAST. So you get better performance at no 
extra cost. Why wait, when your competition is 
very likely designing its first generation of 
ACL products right now? 

Get into the passing lane, with RCA ACL 
from the CMOS leader: GE Solid State. Free 
test evaluation kits are available for qualified 
users. Kits must be requested on your com- 
pany letterhead. Write: GE Solid State, Box 
2900, Somerville, NJ 08876. 


For more information, call toll-free 
800-443-7364, extension 24. Or contact your 
local GE Solid State sales office or distributor. 


In Europe, call: Brussels, (2) 246-21-11; Paris, (1) 39-46-57-99; London, 0276-685911; Milano, (2) 82-291; Munich, (89) 63813-0. 


GE/RCA/Intersil Semiconductors 


These three leading brands are now one leading-edge company. 
Together, we have the resources — and the commitment — 
to help you conquer new worlds. 


READERS’ CHOICE 


Of all the new products covered in EDN’s September 3, 1987, issue, the ones reprinted here generated the most 
reader requests for additional information. If you missed them the first time, find out what makes them special: 
Just circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated pages in 
our September 3, 1987, issue. 


ANSWERING MACHINE 


The CAM turns any IBM PC/XT, 
PC/AT, or compatible PC into a 
smart telephone-answering ma- 
chine. Using its onboard pP, the 
board digitizes the caller’s voice 
and stores it on the computer’s 
hard disk (pg 259). 

The Complete PC Inc. 

Circle No 604 


ADDRESS BUS (24) 


A EEPROM PROGRAMMER 


You can control the Writer-RX single-socket (28-pin) want 

EEPROM programmer with a nonintelligent terminal 

or an IBM PC (pg 279). 

Bytek Corp. = 


Circle No 602 


& CMOS DSP IC 


The Model WE DSP82C CMOS floating-point digital 
signal processor (DSP), which features cycle times as 
low as 80 nsec, is targeted at high-performance appli- 
cations such as graphics, telecommunications, image 
processing, high-speed control, and speech processing 
(pg 99). 

AT&T Technology Systems. 

Circle No 603 


A OPTICAL MODEM 


The LDM80 fiber-optic modem is completely powered C COMPILER . 

by the host RS-232C port signals and requires no Turbo C is a C editor, compiler, 
external power-supply connection (pg 264). and linker that runs on the IBM 
Burr-Brown Corp. PC and compatibles. It conforms to 
Circle No 605 the Kernighan/Ritchie and pro- 


posed ANSI standards (pg 286). 
Borland International. 
Circle No 601 
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Youve made power supplies 


smaller li 


hter and quieter 


with a harmonica’ 


Harmonic Resonance! 


Harmonic resonant, as a technology for 
our new line of power supplies, 1s prac- 
tically as significant as going from linear 
to switching. 

So, why did we develop it? It lets us 
make open frame switchers almost half the 
size of industry standards. Therefore, 
lighter. And quieter from a conductive noise 
standpoint. All for the same price you're 
paying now. 

Of course, like all our power supplies 
introduced since 1983, this new 9S 
Harmonic Resonant line meets VDE, UL 
and CSA for safety. And VDE, FCC and 
IEC for conducted noise. 


For more information on our new 
9S Harmonic Resonant line (or where to 
get anice harmonica), contact us today. 
Sierra Power Systems (formerly Sierracin), 
20500 Plummer Street, Chatsworth, Calli- 


fornia 91311. Call toll-free (800) 423-5569. 


In California, (818) 
998-9873. 


Sierra Power Systems 


Division of Valor Electronics, Inc. 
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Plain talk 


on why more 
and more oni 
workstation tec. 


Namely, an entire family of 
high-performance workstations 


that thrive in multivendor envi- 
ronments. They support industry 


standards in networking, graphic 


z the UNIX operating system, the 
] X Window System, and a variety 
if I ) [ iT a of languages. 


It means this. HP work- 
stations fit your computing enviro 
ment. And grow with you instea 
of growing obsolete. 

Need applications software? 
No problem. You have your 
choice of world-class HP solution 
in CAE/CAD, microprocessor 
development, PCB test, and 
more. For special applications, 
we offer over 1,000 software 


Brake assembly data courtesy of SDRC 
Automobile data courtesy of Chrysler Motors 


UNIX is a registered trademark of AT&T in the U.S. 
and other countries 


HYPERchannel is a trademark of Network Systems Corp. 


NFS is a trademark of Sun Microsystems 


packages from our third parties. 
So either way, you're covered. 

Our new family of 32-bit 
machines is complete, and gives 
excellent value from low end to 
high. Which means you can 
choose the right workstation, 
while getting the most from 
your investment. Our Model 
318M, starting at $4,990, sets 
new standards in entry-level 
price/performance. And the 
Models 330, 350, and 825 pro- 
vide the power for your toughest 
technical applications. 


Want extraordinary speed 
and resolution in 2D and 3D 
graphics? You'll find it on our 
entire family. One good exam- 
ple: the new Model 825SRX 
Precision Architecture Super- 
workstation. It combines 8 MIP 
computation power with inter- 
active solid rendering graphics. 

Something else you should 
know. The HP family is modular. 


And works with an extensive 
line of HP input and storage 
devices, monitors, printers, and 
plotters. So you can get a com- 
plete system, supported as a 
system, from one SOUICE. 

Speaking of the source, HP 
delivers unsurpassed service 
and support, with a proven 
reputation for minimizing your 
overall cost of ownership. 

Plus, no one anticipates 
your future needs like HP. Our 
vision of distributed computing 
ensures that we will satisfy your 
application requirements 
tomorrow as well as we 
do today. 

Consider HP work- 
stations now. See for 
yourself why more and 
more companies are turn- 
ing to HP. Questions? 
Call your local HP sales 
office listed in the 
telephone directory 
white pages. 


Tap HP’s DATA-LINE for 
complete facts...instantly! 


For on-line information 24 hours 
a day, use your computer, 
modem, and HP’s DATA-LINE. 
Dial 1-800-367-7646 (300 or 1200. 
baud, 7 bits 
even parity, 

1 stop bit). In 
Colorado, call 
1-800-523-1724. 


HEWLETT 
hp PACKARD 
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MACSYMA 


automates symbolic mathematics. 
And yields enormous improvements in 
speed, accuracy and modeling power. 


If you work with quantitative models 
in scientific or engineering dis- 
ciplines, MACSYMA can increase 
your modeling power. MACSYMA 
combines symbolic and numeric 
computation. And enables you to 
accurately manipulate symbolic 
expressions In a fraction of the time 
required manually. 


Wide range of capabilities 


MACSYMA offers the widest 
range of capabilities for symbolic 
computations in applied mathe- 
matics of any commercially available 
program. For example: 


Algebra: MACSYMA can manipu- 
late large expressions, expand, sim- 
plify and factor expressions, handle 
matrices and arrays, and solve 
systems of equations. 


Calculus: MACSYMA can differen- 
tiate, perform definite and indefinite 
integration, take limits, expand func- 
tions in Taylor or Laurent series, solve 
differential equations, and compute 
Laplace transforms. 


Numerical analysis: You can perform 


numerical analysis using MACSYMA® 
language, compute with arbitrary 
precision arithmetic, use a library of 
numerical analysis routines, and 
generate FORTRAN code. 


Graphics and interfaces: 
MACSYMA can generate report- 
quality graphics in 2D or 3D, with 
perspective, hidden line removal, and 
captions. MACSYMA also interfaces 
with the mathematical text processors 
‘TeX’ and ‘troff’. 


Broad base of applications 


Throughout the world thousands 
of scientists, engineers and mathe- 
maticians are using MACSYMA in 
such diverse applications as aero- 
nautical design, structural engineer- 
ing, fluid mechanics, acoustics, CAD, 
electronic and VLSI circuit design, 


MACSYMA 


You can solve problems... 


Symbolically... 


(C1) DEPENDS(Y,T)$ 
(C2) DIFF (Y,T) + ¥ “2+ (2*T+1)*¥+T “24+T41; 


(D2) a +74 (2741) ¥4+77 4741 


(C3) SOLN:ODE(D2,Y,T); 


y - _ %CT%E -T-1 


%C%E! — 1 


(C4) SOLVE(SUBST([Y = 1, T= 1],D3),%6C), NUMER; 
(D4) [%C = 0.5518192] | 

(C5) SPECIFIC. SOLN:SUBST(D4,SOLN); 

(DS) ¥ = — 0.5518192T %E" -T-1 


0.5518192 %E* — 1 


(D3) 


and Numerically . 


(C6) FORTRAN(D5)$ 
Y =—(0.5518192*T*EXP(T) — T—1) 
1 /(0.5518192+*EXP(T) — 1) 


electromagnetic field problems, 
plasma physics, atomic scattering 
cross sections, control theory, 
maximum likelihood estimation, 
genetic studies, and more. 


Available on many 
computer systems 


Current systems include: 


e Symbolics 3600™ Series 
e VAX & MicroVAX || 

e SUN-2 & SUN-3 

e Apollo 

e Masscomp 


Other versions will be following soon. 


For an information kit about all the 
ways MACSYMA can work for you, 
just call 


1-800-MACSYMA. 


In Mass., Alaska or Hawaii only, call 
(617) 621-7770. 


Or please write to us at 


Computer-Aided Mathematics Group 
Dept. M-ED8 

Symbolics, Inc. 

Eleven Cambridge Center 
Cambridge, MA 02142 


syMbolics” 


The most comprehensive software for 
mathematical computing. 


MACSYMA®, symbdolics , Symbolics 3600 are trademarks of Symbolics, Inc. VAX and MicroVAX II are trademarks of the Digital Equipment Corporation. SUN-2 and SUN-3 are trademarks of 
SUN Microsystems, Inc. Apollo® is a trademark of Apollo Computer, Inc. Masscomp is a trademark of the Massachusetts Computer Corporation. TeX is a trademark of the American Mathematical Society. 
© Copyright 1987 Symbolics, Inc. 
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Not only do we know who it's For some it’s the versatility of split 
for, we know who's calling and what board architecture. For others it’s 
the message Is. That's because an eC O X the compact size and low power 
NCR 286 CPU board is at the heart equirements of VLSI and surface 


of an innovative new voice mail 
system. Handling the calls for as 


mount technology. But for everyone 


its the way we configure the pieces 
many as a thousand users, sixteen Or ‘ N @) to meet the specific demands of the 
at a time. All in a single personal application. Without chewing up the 

calendar or your budget in the process. 

In short, we're easy to work with. 

[ e C Because we have the engineering know- 
how and the manufacturing cae i _ 
deliver the goods. Without hitches, without 


surprises, andwithoutfail. §# §= = | 
- SO, aS yOu look into developing new products, 
@ or iponne ab Satie 99 look into! CR. 


computer chassis. And the next call 
we take may be for you. 

The message we want to leave 
you here, of course, is that NCR PC 
technology is at work in many places beyond 
accounting and data processing. Like manu- 
facturing control systems | in factories every- 
where. Diagnostic imaging equipment in 
clinics and hospitals. Even a new CD ROM 
jukebox at play Moers 


~LEADTIME INDEX 


Percentage of respondents 


ITEM 
TRANSFORMERS 


Toroidal 
Pot-Core 
Laminate (power) 


CONNECTORS 
Military panel 


Flat/Cable 
Multi-pin circular 
PC (2-piece) 
RF/Coaxial 
Socket 
Terminal blocks 
Edge card 
D-Subminiature 
Rack & panel 
Power 


PRINTED CIRCUIT BOARDS 
Single-sided 
Double-sided 
Multi-layer 
Prototype 


RESISTORS 


Carbon film 
Carbon composition 
Metal film 
Metal oxide 
Wirewound 
Potentiometers 
Networks 


FUSES 


SWITCHES 
Pushbutton 


Rocker 
Thumbwheel 
Snap action 
Momentary 
Dual in-line 
WIRE AND CABLE 
Coaxial 
Flat ribbon 
Multiconductor 
Hookup 

Wire wrap 
Power cords 
POWER SUPPLIES 
Switcher 
Linear 


CIRCUIT BREAKERS 


HEAT SINKS 


RELAYS 


General purpose 
PC board 
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ITEM 


RELAYS 
Dry reed 


Mercury 
Solid state 50 


DISCRETE SEMICONDUCTORS 


Thyristor 
Small signal transistor 
MOSFET 
Power, bipolar 40 


INTEGRATED CIRCUITS, DIGITAL 
Advanced CMOS 


Communication/Circuit 
OP amplifier 
Voltage regulator 


MEMORY CIRCUITS 
RAM 16k 
RAM 64k 
RAM 256k 
RAM 1M-bit 
ROM/PROM 
EPROM 64k 
EPROM 256k 
EPROM 1M-bit 
EEPROM 16k 
EEPROM 64k 


DISPLAYS 
Panel meters 
Fluorescent 

Incandescent 


Liquid crystal 


MICROPROCESSOR IC. 
8-bit 


FUNCTION PACKAGES 
Amplifier : 
Converter, analog to digital 
Converter, digital to analog 


LINE FILTERS 


CAPACITORS 
Ceramic monolithic 
Ceramic disc 
Film 
Aluminum electrolytic 
Tantalum 


INDUCTORS 


Source: Electronics Purchasing magazine's survey of buyers 
EDN November 12, 1987 


THE NEW POWER IN 
RECHARGEABLE 
BATTERY TECHNOLOGY 


LEA (46) Leading the technological advance- yet another aspect of our determination 
Cas 


ments at Gates is our new GEMAX™ to make sure that Gates batteries are 
Gates Energy Products has purchased — Series of nickel cadmium cells. These superior. 
GE's Battery Business Department, cells are providing more run time and No other rechargeable battery com- 
making us the world’s largest source §=— maximizing power delivery in all pany in the world is taking such 
of sealed rechargeable batteries. product applications by incorporating dramatic steps to perfect and expand 
What does this mean to you? higher capacities and lower internal their rechargeable battery products as 
That Gates is dedicated to providing resistance. the new Gates. It’s time you discovered 
you with the best rechargeable batteries As a result of GEMAX technology, the difference. 
in the world. Gates now offers the world’s highest For more information worldwide, 
Gates now has the technology and capacity, production-volume Sub C contact one of the Gates Regional Sales 
resources to offer the largest selection of cell at 1.4Ah (1-hour rate). And more Offices listed below. 
rechargeable batteries including nickel advancements are on the way. 
sane : : re oS Energy 
cadmium, nickel hydrogen and sealed Our commitment to supply batteries py Tg 
lead batteries-from .065Ah to 300Ah. tailored to your specific applications is SL CS Products 
WESTERN U.S. CENTRAL U.S. EASTERN U.S. SOUTHERN U.S. PACIFIC AND ASIAN EUROPE 
4063 Birch St. #130 2860 S. River Rd. 1 Prestige Dr. 1835 Savoy Dr. 3706 A, Shun Tak Centre Units 12/13 
Newport Beach, Suite 401 Meriden, CT 06450 Suite 200 200 Connaught Rd. Central Loomer Rd. Industrial Estate 
CA 92660 Des Plaines, IL 60018 (203) 238-6840 Atlanta, GA 30341 Hong Kong Chesterton 
(714) 852-9033 (312) 827-9130 (404) 458-8755 011-852-5-403073 Newcastle-under-Lyme 
Staffs. ST5 7LB, Great Britain 
©1987 Gates Energy Products, Inc. 011-44-782-566525 
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If youre not finding Gate Arra 
Advanced Schottky, an 
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maybe the fault lies with your tester. 
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ill Teradyne’ SL210i1. 
The only true VLSI in-circuit tester. 

There are a lot of other in-circuit testers 
out there. But on VLSI boards, all they test 
is your patience. 

Now there's the L210i VLSI In-Circuit 
‘Tester from Teradyne. It has over 3,000 
bidirectional test pins. With digital, analog, 
and memory testing on every pin. And 10 
MHz pattern rates. 

Most importantly, the 
L2101 delivers 95% or greater 
fault coverage on VLSI boards, 
in just 1-2 months. Because it’s 
the first and only in-circuit tester 
that handles the three biggest 
problems in in-circuit testing 
today. 


The L210i delivers waveforms 
accurately at the board under test ‘ 
for repeatable test results. 
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Board Under Test 


en 


zs sees Shiai Sie pee 


Low Skew, 
High Performance 


Test Channels 


Test ASIC’s ASAP. 

One of the biggest problems for in-circuit 
testers today is ASIC’. If they detect ASIC 
faults at all, it’s only because you've spent 
weeks and weeks programming them. 

Not so with the L210i. It has a unique 
VLSI device tester architecture. So you can 
use patterns from device design and test 
databases. The L210i’s translators convert 
patterns quickly. 

Plus, the L210: stores 
rt 7; and processes lengthy test 
data efficiently. So you save 
valuable time in testing 
gate arrays and other semi- 
custom devices. 

You won't find that in any 
other in-circuit tester. 
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clusters. Memory arrays. Or hard-to- 
isolate devices. 

With its MultiMode capability, you 
can easily partition the board into 
functional clusters, making the most 
of the L2101’s functional test and diag- 
nostic techniques. 

That means you'll never be trapped 
by in-circuit testability problems again. 


lie atk 


eatery 


The L210i is Teradyne’s first board tester for VLSI 
in-circuit testing, and in-circuit tester budgets. 


i, Fo apo eae §=6No-fault insurance. 

6 4 , Teradyne’s L200 family has set the 
standard for VLSI board testing in 
this decade, driving test quality up to 


7 ap ee ~ — bring costs down. 

Repeatability. Repeatability. Now the L210i offers the first practical 
Repeatability. VLSI in-circuit test solution. It’s the system 
With the L210i, you won't be plagued you need to boost board yields at system 
by unreliable tests of your high perform- test. And make your in-circuit test strategy 

ance logic. False clocking. Or shifting successful. 

signal timing. If you can’t afford a tester that misses 
Because the L210: features short, low VLSI faults, you'd better find out more 

inductance fixture wiring. Superb driver about the L2101. Write Teradyne, 321 


electronics. And powerful debug tools. So Harrison Avenue, Boston, MA 02118. Or 
everything you test gets tested repeatedly. call Daryl Layzer, L200 Product Group, 
Including high speed ECL and FAST™ Even 617/482-2700, ext. 2808. 
Advanced Schottky and CMOS, with their +i eidenarbor Favenild Semteon ductor Cons, 
tricky overdrive impedances. 

The L2101 fears no logic. 
The only in-circuit tester with an 
escape hatch. 

The L2101 is the only in-circuit tester 
that’s flexible enough to test today’s SMT “ 


INT VIN 


We measure quality. 
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me THE MILLION : 
OF WORDS THAT HAVE 
BEEN WRITTEN 
ABOUT ISDN WED LIKE 
TOADDA NEW ONE. 


COMELETE. 


For years, and receives 
youve read data at the ISDN 
about the , basic rate of 192 
incredible new kbps. And fully 
products you | implements 
can design » Open Systems 
when ISDN Interconnection 
becomes a | OSD) Layer 1. 
reality And now, There's our 
youcan stop ~ programmable 
waiting and 29C48 Voice 


finally get started. Because Conversion Chip. And our 
our 29C53 ISDN Kit delivers 80188 CPU, which performs 


what most people have protocol processing. 

only been writing about. A But thats just the beginning, 

complete ISDN solution. What really puts you ahead is 
There's our 29C53 “S” our ISP188 software, which 


Transceiver, which transmits completes OSI layers 2 and 4. 
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Co-developed with DGM&s, 
ISP188 is made up of literally 
thousands of lines of code. 
And it’s ready to run today, As 
a result, you save man-years 
in development time and 
get to market quicker. 

When you use this com- 
plete package, it will take 
care of the most common 
design issues associated with 


ISDN protocols and standards. 


SO you can focus your 
resources on making your 
product the best of its kind. 
No matter what youre 
designing, from alow end 
terminal adaptor, to PCs, 

to PBXs. Or even the first 
products of an entirely 
new kind. 

What about industry 
standards? We're working 
on compatibility issues 
with the world’s largest tele- 
communications equipment 
suppliers. In fact, we've 
recently concluded an agree- 
ment with AT&T that ensures 
interoperability between 
our devices and theirs. 
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Asa result, you can 
begin to design with this kit 
right away. And be certain 
of compatibility with 
ISDN systems today and 
tomorrow. 

And now that standards 
are set, the opportunities 
are wide open. To help you 
make the most of them, 
we also offer a full range of 
development tools, such 
as our Terminal Evaluation 
Kit, and our Line Card 
Evaluation Kit. 

So if youve been waiting 
for ISDN, the wait is over. We 
have samples and software 
available now. Call (00) 
548-4725 and ask for 
Literature Department 
W-369 for more information. 
And we'll show you the 
one word about ISDN thats 
worth a million. 

Complete. 


intel 


©1987 Intel Corporation. 
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SPECIAL REPORT 


Integrated Services 
Digital Network 
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The Integrated Services Digital Network (ISDN) stands 


poised to transform the world’s telecomm network into an 
all-digital system. The demand for ISDN equipment, 
which combines telephone and data-communications 
functions, may create the next boom market in electronics. 


ISDN services will be available by 1990. 
Steven H Leibson, Regional Editor 


Since early in this decade, two major telecommunica- 
tions standards organizations have struggled to develop 
specifications for converting the world telephone net- 
work to all-digital operation while preserving the net- 
work’s largest inanimate asset. That asset—an installed 
base of copper wiring that girdles the planet—is worth 
an estimated $300 billion. CCITT (the International 
Consultative Committee for Telegraphy and Telephony) 
published the initial ISDN standards in 1984; Commit- 
tee Tl of the US-based Exchange Carriers Standards 
Association added some refinements (see box, “The 
ISDN interface standards”). Conversion to the Inte- 
grated Services Digital Network (ISDN) will reduce 
the global telecommunications network’s overall operat- 
ing costs while drastically improving its ability to carry 
voice and digital traffic. 

Billions of dollars worth of electronic equipment, 
including modems and T1 multiplexers, is currently 
needed to cajole today’s antiquated analog telephone 
systems into carrying digital information. This equip- 
ment will soon become obsolete. The additional services 
made available by ISDN will create a demand for new 
equipment that combines voice and digital communica- 
tions functions. For these reasons, many semiconductor 
vendors view ISDN telecommunications as the next big 
market for electronic products. 


Phone companies won’t await customer demand 


Surprisingly, customer demand isn’t the major rea- 
son why the phone companies intend to convert to 
ISDN. The major reason is the high cost of operating 
the world’s communications network. The companies 
that stand to benefit from the implementation of ISDN 
include not only the regional Bell operating companies 
(RBOCs), which operate a substantial part of the US 
telephone network, but also the non-RBOC network 


One plug provides unified voice and data access to the global 
telecommunications network through ISDN (left). Because ISDN 
puts voice and high-speed-data access on one network, it will make 
current telecomm equipment obsolete and open vast markets for new 
products. (Concept and photography by Paul Ambrose Studios; photo 
courtesy Advanced Micro Devices) 
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PF | 


KEEPING AMERICA 
COMPETTTIVE 


A T1 digital-carrier line replaces several individual subscriber 
lines. An ISDN T1 link carries twenty-three 64k-bps B channels and 
one 64k-bps D channel in each direction. (Photo courtesy Dallas 
Semiconductor) 


operators such as GTE and the long-distance network 
operators such as US Sprint. Because they provide a 
wide variety of special services, these companies spend 
a lot of money to plan, install, and maintain the existing 
telecommunications system. 

A Bell Communications Research (Bellcore, Living- 
ston, NJ) survey conducted a few years ago showed that 
RBOCs offered 150 different special communications 

Text continued on pg 122 
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_ The CCITT published its ini 
recommendations for ISDN ba- | _ 

sic-access services in 1984 in Tah ic TEL EPAOME 
Red Book of I Series recomr (edna 
dations. CCITT’s reference _ LOCAL 
model for ISDN basic access ap 
pears in Fig A. Basic acces 
(also called the “SO refere 


point” in the CCITT feo m 


‘sadsnastecmnranodirns ones 


vantage data: and 48k bee 
_ channel overhead for framing 
_ and error detection. Voice trans 
“missions can use either of the B- 
channels; the CPE negotiates 2 2 
channel usage with the switch 
each time it initiates a 


“uy” meant “undefined” _ 


The ISDN standard de e 
four reference points: the R 
T, and U interfaces. St 
the CO switch, the U-interfac 

_ link transports the B and oe 
channels from the CO to the ¢ 
_tomer’s premises. The U inte <ing t 
face uses only one twisted-wire dar fitetehiee to the ‘) 
pair to link the CO with the _ more acute. Bellcore pr 
_ NTI box; this metallic link al- basic-access stand: 
ready exits between COs and 
customers. This transport was _ ql : tL 
originally called the U interface ments ia Foruk ‘St _ (TE 1); the other pair carries 
- in CCITT documents because it Louis on July 21, 1987; the orga- nals back from the termina 
_ was undefined so that it could nization has since published equipment tothe NT1l. 
accommodate the different needs _ these requirements as Technical A terminal adapter (TA) 
of \ various countries. Advisory TA-TSY-000393. transforms S-interface traffi 
_ 7 the national governments of An NTI box such as _ _into os R format, which be 
| ea pOHiNEs own and } 


— equipm 
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POINT-TO-POINT 


1 KM ; 


MULTIPOINT 


100M TO 200M 


SHORT PASSIVE BUS 


25M TO 50M 


EXTENDED PASSIVE BUS 
NOTE: TR=10092 TERMINATING RESISTOR 


‘of the cable. Because of its 
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Billions of dollars worth of electronic 
equipment 1s currently needed to cajole 
today’s analog telephone systems into 
carrying digital information. 


services across the US (Ref 1). ISDN promises to 
reduce that number to one. ISDN will also reduce the 
cost of special services—particularly data-communica- 
tions services—to phone companies’ customers. In 
ISDN, most services will be standard-tariff (regular 
price) items. 


Businesses are the primary targets 


The money the telephone companies stand to save 
from this reduction in special services is the primary 
economic incentive driving the ISDN conversion. Once 
the ISDN central office (CO) switches are operational, 
the telephone companies will start to offer enhanced 
data services in addition to voice-communications serv- 
ices. ISDN CO switches will allow the phone companies 
to offer Centrex ISDN services to business users; these 
services will simulate an ISDN PABX (private auto- 
matic branch exchange) and allow customers to sample 
ISDN services without purchasing an ISDN PABX. 

The phone companies target businesses more than 
they do residential customers, because businesses and 
institutions are the primary users of data-communica- 
tions services. In the immediate future, ISDN will be 
useful mainly for intracompany communications (includ- 
ing voice, data, and facsimile transmission). In 1987 
several interested business and institutional customers, 
including Tenneco, Shell Oil, AT&T, the Arizona State 
Government, and McDonald’s participated with tele- 
phone companies in conducting ISDN field trials. In 
addition, the US government is currently soliciting 
proposals for a project called the Federal Telecommuni- 
cations System 2000 (FTS 2000), which will revamp the 
government’s communications, relying heavily on 
ISDN services and equipment. 


An ISDN lab for testing products 


As an adjunct to the field trials, Southwestern Bell 
Telephone established an Advanced Technology Labo- 
ratory at its offices in St Louis, MO, to assist customers 
in selecting and testing ISDN services and equipment. 
The lab contains four digital CO switches: an AT&T 
SESS, a Northern Telecom (Concord, NH) DMS-100, 
an Ericsson (Stockholm, Sweden) AXE-10, and a Sie- 
mens EWSD. Manufacturers of ISDN customer prem- 
ises equipment (CPE) can also schedule time in South- 
western Bell’s Advanced Technology lab to test their 
products’ compatibility with the various CO switches. 
The lab has controlled-access areas to protect customer 
and vendor secrecy. 

After the field-trial experiences, the telephone com- 
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For testing ISDN equipment and services, the Advanced Technology 
Laboratory at Southwestern Bell Telephone in St Louis contains four 
digital CO switches, including this Siemens EWSD. 


panies plan to put ISDN into commercial service during 
1988, and they expect ISDN services to be widely 
available by 1990. The worldwide outlook for ISDN 
availability is similar to the US projections. The West 
German government intends to implement a scheme 
similar to that of the US phone companies. Bell Canada 
(Toronto) will establish ISDN nodes in Toronto and 
Montreal next year. In Japan, plans call for 200 cities to 
be wired by 1990 (Ref 2). 

PABX vendors are looking at ISDN seriously as well. 
PABXs must eventually connect to the public networks, 
which will shortly offer ISDN access protocols. In 
addition, ISDN promises to afford PABX vendors the 
chance to make more of an impact on the data-communi- 
cations market. Though PABX manufacturers have 
offered voice/data systems in the past, vendors used 
proprietary transmission methods, so any one customer 
was generally limited to terminal equipment from the 
same PABX vendor. These days, however, users have a 
lot of sophistication, garnered from the experience of 
purchasing PCs: They now expect and demand a mix- 
and-match marketplace for equipment of all kinds, 
including telecommunications products. ISDN’s stand- 
ard interfaces will make such interchangeability practi- 
cal. 


Primary rate means wide bandwidth 

ISDN’s basic-access rate provides for 64k bps of voice 
and 64k bps of data transport in both directions. 
Because of that limited bandwidth, PABXs aren’t likely 
to use just the basic-access rate for transport to CO 
switches. PABX designers plan to use the higher- 
speed, primary-access rate as well. ISDN’s primary- 
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THE ”S” INTERFACE 


The ISDN S interface carries data at a 144k-bps rate in both 
directions simultaneously; the rate is allocated to two 64k-bps B 
channels (B1 and B2) and a 16k-bps D channel in each direction. 
(Photo courtesy Intel Corp) 


access rate employs a technology already in common 
use: the digital carrier. In Europe, the primary-rate 
digital carrier operates at 2.048M bps and is called 
CEPT (Conference of European Post Telecommunica- 
tions); in North America, the primary-rate digital car- 
rier operates at 1.544M bps and is called Tl. In 
CCITT’s ISDN terminology, these primary rates are 
called the S1 and S2 reference points, respectively. 

A T1 carrier supplies bidirectional 23B+D service: 
twenty-three 64k-bps B channels and one 64k-bps D 
channel. CEPT accommodates thirty 64k-bps B chan- 
nels and two 64k-bps D channels in each direction 
(30B+2D). Note that the primary-rate D channel has a 
wider bandwidth than the basic-access D channel does. 
PABX manufacturers already apply the T1 carrier for 
digital communications, in the digital multiplexed inter- 
face (DMI) format, to several brands of mainframes and 
minicomputers. Because they already have the T1 tech- 
nology, PABX manufacturers will find it relatively easy 
to overlay ISDN on the existing T1 transport mecha- 
nism. 

Although many business users will appreciate the 
jump from the meager 1200- or 2400-bps data rate 
permitted by today’s phone system to ISDN’s 64k-bps 
rate, some forward-thinking network planners already 
foresee the time when certain data-communications 
applications, such as CAD and CAE graphics, will need 
the entire primary-rate bandwidth. This so-called 
hyperchannel use of the T1 and the CEPT digital 
carriers will support 1.536M- and 1.920M-bps data 
rates, respectively. One manufacturer already offers a 
protocol controller that can operate at hyperchannel 
rates: Motorola’s MC68606 multilink, LAPD (D-channel 
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link-access procedure) protocol controller, which has a 
built-in DMA controller. 

The current ISDN products from semiconductor ven- 
dors include ICs for primary-rate applications and for 
ISDN’s S interface. Because CCITT did not define a 
U-interface standard and because Bellcore was still 
soliciting industry comments on its proposal for this 
basic-access transport as recently as September 30 of 
this year, chip manufacturers guess that U-interface 
chips for the US market won’t appear until the second 
half of 1988. 

Table 1 lists some of the available primary-rate 
devices, including line drivers and receivers, encoder/ 
decoders, and protocol controllers. Although many of 
these products were designed for non-ISDN, digital- 
carrier applications, they work equally well in ISDN 
designs. 


Semiconductor companies offer evaluation boards to help you 
determine the suitability of their ISDN chips. The boards from AMD 
(a and b) contain the company’s Am79C30 and Am79C31, respective- 
ly. The board from Intel (c) mates the company’s 29C 53 and 29C' 48 
with an onboard 80188 wP. All three boards plug into an IBM PC or 
compatible computer. 
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Network providers currently offer 150 
different special services; ISDN promises 
to reduce that number to one. 


You can find many more chips for ISDN’s S interface 
than for the U interface, for two major reasons. First, 
until this year, the S interface was the only ISDN 
physical-layer standard that companies could develop 
products for; it was the only one defined adequately. 
Second, most of the high-volume CPE (such as tele- 
phones, workstations, printers, and facsimile machines) 
will attach to the S bus. Table 2 lists several represen- 
tative S-interface ICs. 

Although no ISDN CPE designs have yet reached the 
market in volume, some semiconductor companies have 
already introduced second-generation ISDN chips. For 
example, Siemens first introduced its 2-chip PEB 2070/ 
2080 set for S-interface applications. The two devices 
interconnect by means of Siemens’ proprietary IOM 
(ISDN-Oriented Modular) serial data bus, which oper- 
ates at 512 kHz and has two unidirectional data lines, a 
clock line, and a data-direction line. The PEB 2080 
S-bus interface circuit connects to the S interface; the 
PEB 2070 ISDN communications controller performs 
the LAPD processing and splits the two B channels into 
separate data streams. 


__MANUFACTURER _ 


DALLAS SEMICONDUCTOR 


MULTI-LINK LAPD 


CONTROLLE 


ANS! 


AS INSTRUMENTS — | TOM2202/2222 AMI/HDB3 


TCM2203 
_*IN QUANTITIES OF 100, EXCEPT WHERE NOTED 
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ENCODER/DECODER || 
_ EQUIPMENTLINE 


You can use one of these B channels as a voice channel 
by connecting a codec, such as the company’s PEB 2060 
signal-processing codec filter, to the PEB 2070’s SLD 
(Subscriber-Line Datalink) port. The serial SLD bus 
uses three wires to transfer data between chips. The 
SLD bus has one bidirectional data line; otherwise, it 
resembles the IOM bus. You can assign either of the 
S-interface’s B channels to the SLD port through the 
chip’s serial-port control register. 

For B-channel data applications, the PEB 2070 has a 
synchronous serial port that you can connect to a 
synchronous communications controller (or non-SLD 
codec). For that job, Siemens offers the SAB 82520 
high-level serial communications controller. You must 
use a synchronous chip, not an asynchronous serial 
controller, to couple to the PEB 2070’s serial ports. The 
serial communications controller provides a FIFO buf- 
fer, which allows the pP a reasonable data-transfer 
latency between the S interface and upper ISO protocol 
layers for user-data transport over ISDN networks. 

The PEB 2070 will also transfer B-channel data to 
and from the S interface through its pP interface 


HDLC CONTROLLER | ‘TICEPT | $100 (SAMPLE) 


ENCODER/DECODER TIUCEPT 


NE DRIVER/RECEIVER 
CLOCK RECOVERY 


THUCEPT 
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TABLE 2—REPRESENTATIVE ISDN S-INTERFACE ICs 


‘MT8994 


| MTe995 


SUBSCRIBER NETWORK INTERFACE | S-INTERFACE, D-CHANNEL PROCESSOR 


HDLC PROTOCOL CON 


SIEMENS ~ | PEB 2060 


FILTER 

PEB 2070 

_ CONTROLLER 
-PEB 2080 

PEB 2085 

| CONTROLLER 
| SAB 82520 

CONTROLLER 


without requiring the help of a communications control- 
ler. However, because the PEB 2070 provides no FIFO 
buffering for B-channel data, the wP will have to 
operate in a tight loop to catch the data as it flies by. 
Siemens combines the functions of the PEB 2070 and 
PEB 2080 in its second-generation device, the PEB 2085 
ISDN subscriber-access controller. 

Intel uses the SLD bus to interconnect its 29C53 
digital loop controller with its 29C48 voice-conversion 
chip. The 29C53 incorporates the S interface and the 
D-channel processor, and it can be operated through 
either its wP or SLD ports. The 29C53 operates at 
either the NT or TE end of the S interface. The ability 
to control the device through the SLD port is especially 
useful for PABX line-card applications, because it mini- 
mizes the required amount of interconnection on the 
line card. Intel’s 2952 line-card controller operates eight 
29C58s but still fits in a 40-pin package: It uses eight of 
the pin-efficient SLD ports to control the digital loop 
controllers. 

For B-channel data applications, you can use any 
USART, linking it to the 29C53’s SLD port with some 
glue logic. However, Intel offers a more integrated 
solution: the 88C152 universal communications control- 
ler. Based on an 80C51 wC core, the 83C152 also 
contains a 2-channel DMA controller; two counter/ 
timers; an 8k-byte ROM; 256 bytes of RAM; and the 
“global serial channel,” a 2-channel, multiprotocol, seri- 
al communications controller. 

The 83C152’s communications controller handles both 
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DIGITAL TELEPHONE CHIP 
DIGITAL TELEPHONE CHIP 


SIGNAL PROCESSING CODEC 
ISDN COMMUNICATIONS 


S-BUS INTERFACE CIRCUIT 
ISDN SUBSCRIBER ACCESS 


SERIAL COMMUNICATIONS 


p-LAW CODEC, FILTER, DIMF DIALER, 
RINGER 

A-LAW CODEC, FILTER, DTMF DIALEN, 
RINGER 


$17.15 (1000) 


CODEC, FILTER © $12.80 (1000) 


D-CHANNEL CONTROLLER ___ #360(000) 
| ___Sacoac 


S INTERFACE — . 
‘Seaoo) 


COMBINES PEB 2070 AND PEB 2080 


DUALHDLC CONTROLLER —_| $1760 (1000) 7 


HDLC, which is an appropriate protocol for ISDN 
applications, and CSMA/CD (carrier-sense, multiple 
access with collision detection), which is the protocol 
employed by Ethernet LANs. Such a design can use the 
core 80C51’s asynchronous serial port to provide an R 
interface for an external data terminal. 

Mitel employs a proprietary, 2.048M-bps, 4-wire ST 
serial bus to connect devices to its MT8930 subscriber- 
network interface circuit. The MT8930 contains an S 
interface plus the D-channel controller. When combined 
with an MT8930, the company’s MT8994/8995 digital 
telephone ICs incorporate the codec, filter, speaker- 
phone circuits, DTMF generator, and tone ringer you 
need to build a complete ISDN telephone. 

The MT8994’s codec employs a p-law encoder for 
North American applications; the MT8995’s codec has 
an A-law encoder for European use. The devices are pin 
compatible, so you can use one pc board for products 
sold on both sides of the Atlantic ocean. Mitel’s 
MT8952B adds HDLC formatting for B-channel data 
applications and connects directly to the ST bus. 

The Am79C30 digital subscriber controller IC from 
Advanced Micro Devices (AMD) has no serial bus to 
connect to other devices in the family, because it 
contains all the basic functions necessary to burld an 
integrated ISDN voice/data workstation. A digital sig- 
nal processor on the chip implements the codec, filter, 
DTMF tone generator, and tone ringer. The device 
provides D-channel processing and supplies the B data 
channel through a serial port for protocol processing. 
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ISDN will also reduce the cost of special 
services—particularly data-ccommunica- 
tions services—to RBOC customers. 


Makers of competing multichip products claim that 
ISDN is still in its infancy and that it’s too soon to offer 
a cost-effective, single-chip, S-interface controller. Ron 
Ruebusch, director of marketing for AMD’s Communi- 
cations Products Div, strongly disagrees. Ruebusch 
points out that AMD chose DSP for implementing 
analog functions on the Am79C30 because that choice 
allows designers to use AMD’s standard, 1.6-~m, CS11 
digital-IC process. Traditional codec-IC design, he 
says, uses switched-capacitor filters built with analog- 
IC processes. Existing codecs also require +5V power 
supplies, however, so they’re poor candidates for incor- 
poration in an all-digital ISDN controller chip. Most 
digital-IC processes won’t accommodate 10V analog 
circuitry and digital circuitry on the same device. 


Modularity vs integration 


Another charge that competing vendors level at 
AMD’s 1-chip approach is that it lacks modularity— 


Manufacturers of ISDN ICs 


even if you don’t need all the chip’s features, you still 
have to pay for them. Ruebusch admits that the DSP 
section of the Am79C30 is expensive, consuming about 
30% of the die. However, AMD also offers the Am79C32 
ISDN data controller, which incorporates all of the 
Am79C30’s features except the DSP features. The chip 
is useful for data-only applications such as ISDN print- 
ers or facsimile machines, and it costs approximately 
30% less than the Am79C30. In addition, the company 
has planned another two generations of refinements to 
its standard process; the refinements will allow for 
smaller device geometries. Because the Am79C30 uses 
this standard process, Ruebusch expects that the com- 
pany will ultimately shrink the Am79C30’s die to 40% of 
its current size, reducing the device’s cost as ISDN 
usage grows. 

Further, in the short term, it’s not the chip cost but 
the development cost that is customers’ greatest con- 
cern, Ruebusch says. His customers estimate that 


For more information on ISDN ICs, circle the appropriate numbers on the Information Retrieval Service card or 


contact the following manufacturers directly. 


Advanced Micro Devices Intel Corp 


National Semiconductor Corp 


Signetics Corp 


Box 3453 

Sunnyvale, CA 94088 
(408) 732-2400 

TLX 346306 

Circle No 701 


AT&T Technologies 
555 Union Blvd 
Dept 50AL203130 
Allentown, PA 18103 
(800) 372-2447 
Circle No 702 


Dallas Semiconductor 
4350 Beltwood Parkway 
Dallas, TX 75244 

(214) 450-0400 

TWX 650-244-1669 
Circle No 703 


Exar Corp 

750 Palomar Ave 
Sunnyvale, CA 94086 
(408) 732-7970 

TWX 910-339-9233 
Circle No 704 


- Gould Inc 
- Semiconductor Div 
3800 Homestead Rd 
Santa Clara, CA 95051 
_ (408) 246-0330 
TWX 910-338-0018 
Circle No 705 


Box 58065 

Santa Clara, CA 95052 
(408) 987-8080 

Circle No 706 


Matra Design Semiconductor 
2840-100 San Tomas Expressway 
Santa Clara, CA 95051 

(408) 986-9000 

Circle No 707 


Matra Harris Semiconducteurs 
Centre Electronique 

La Chantrerie/Route de Gachet 
BP942 

44075 Nantes Cedex, France 

(1) 33400820 

TLX 711930F 

Circle No 708 


Mitel Corp 

Box 18320 

Kanata, Ontario K2K 1X5 
Canada 

(613) 592-5630 

TLX 0533221 

Circle No 709 


Motorola Semiconductor Products Ine 


Box 20912 
Phoenix, AZ 85036 
(800) 521-6274 
Circle No 710 


Box 58090 

Santa Clara, CA 95052 
(408) 721-5000 

TWX 910-339-9240 
Circle No 711 


Philips Eleoma Div 

Box 528, 5600 AM Eindhoven 
The Netherlands 

(040) 757005 

TLX 51573 

Circle No 712 


Rockwell International 
Semiconductor Products Div 
Box C, MS 501-300 
Newport Beach, CA 92658 
(714) 833-4700 

TWX 910-591-1698 

Circle No 713 


Siemens AG 

Zentralstelle fiir Information 
Postfach 103 

8000 Munich 1, West Germany 
(089) 2340 

TLX 5210025 

Circle No 714 


Siemens Components Inc 
186 Wood Ave S 

Iselin, NJ 08803 

(201) 321-4842 

Circle No 715 


Box 3409 

Sunnyvale, CA 94088 
(408). 991-2000 

Circle No 716 


Siliconix Inc 

2201 Laurelwood Rd 
Santa Clara, CA 95054 
(408) 988-8000 

TWX 910-338-0227 
Circle No 717 


Texas Instruments Inc 
Semiconductor Group (SC-669) 
Box 809066 

Dallas, TX 75380 

(800) 282-3200, ext 700 

Circle No 718 


Thomson Components-Mostek Corp 
1310 Electronics Dr 

Carrollton, TX 75006 

(214) 466-6000 

TLX 730643 

Circle No 719 


Thomson Semiconducteurs 
45 Ave de l’Europe 

78140 Velizy, France 

(1) 39469719 

TLX 204780 

Circle No 720 
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what you've 


Just another 


Forget those labor intensive 
methods normally required for 
printed circuit board mounting 
of batteries. Our new axial lead 
uPowerCells™ (Lithium Iodine 
2.8V Solid CMOS Backup Cells) 
look like a resistor or capacitor. 
They’re about the same size and 


they don’t need special handling. 


You can put them on a Sse- 
quenced tape reel for automatic 
printed circuit board insertion. 
And like most other compon- 
ents, u.PowerCells™ can be wave 
soldered, cleaned and dried us- 


Now your CMOS backup battery can be 
always wanted it to be. 
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component. 


ing normal procedures. 

Once they’re in place, 
uPowerCells™ are dependable. 
Their Lithium Iodine chemistry 
is the number one choice for 
powering cardiac pacemakers. 
And a performance study of 
over 1 million batteries in use 
shows that a useful life of more 
than 20 years can be predicted. 

At 35 milliamp-hours, the 
axial lead wPowerCell™ will han- 
dle most CMOS backup prob- 


versions to 1 amp hour are-~ 


available in a new space-saving 
rectilinear package. The Catalyst 
Research line includes modules 
for sensing power loss and 
transferring to battery backup 
as well as clock modules with 
battery built in. 

Best of all, Catalyst Research 


yPowerCells™ are priced like __» 
other components. -—~ 


ACTUAL SIZE 


ee Oe 3 


lems. However, higher capacity = For more information, call us 


at 301-296-7000. 


CATALYST RESEARCH 


A DIVISION OF MINE SAFETY APPLIANCES COMPANY a. 
1421 Clarkview Road Baltimore, MD 21209-9987, USA_ Telephone (301) 296-7000 Telex 898095 CATALYST 
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The telephone companies plan to put 

ISDN into commercial service during 
1988 and expect ISDN services to be 
widely available by 1990. 


software development represents 90% of CPE develop- 
ment cost. As an aid to software development, AMD 
offers low-level device drivers with the source code for 
the Am79C30/32, the Am79C31A digital exchange con- 
troller, and the Am79C401 integrated data-protocol 
controller. The drivers cost $125 each and are called the 
Am79LLD30/32, Am79LLD31A/312A, and Am79LLD- 
401. AMD’s drivers are written in a mixture of C and 
8088 assembly code, and they interface to the compa- 
ny’s $850 AmLink protocol software. AmLink, written 
entirely in Microsoft C, implements the layer-2 and -3 
LAPD recommendations from CCITT. | 

As a further aid to CPE developers, the company 
offers the Am79B300 digital serial controller and 
Am79B310 digital exchange controller evaluation kits. 
Each kit costs $1250 and includes a pe board that 
incorporates either the Am79C30 (for the Am79B300) 
or Am79C31 (for the Am79B310), plus menu-driven 
evaluation software. The boards plug into an IBM PC 
or compatible computer and allow you to simulate an 
ISDN line card and workstation by using one or two 
PCs. 

Intel also offers software support for its ISDN com- 
ponents. The ISP188 software package implements 
layers 2 and 3 of the ISDN protocol and includes layer-1 
drivers for the company’s 29C53 digital loop controller, 
29C48 voice-conversion chip, and 82580 serial communi- 
cations controller. AT&T has tested the ISP188’s call- 
establishment protocol and found it to be compatible 
with the 5ESS switch. At this early stage of ISDN 
development, the switch manufacturers have yet to 
create a unified protocol for call establishment; each 
vendor’s CO switch currently requires a different pro- 
tocol. 

The software included in the $20,000 ISP188 package 
was written by D@M&S Communications Technology, 
a Mount Laurel, NJ, consulting firm. Intel includes 
source code for all the software in the package except 
for DGM&\N’s real-time kernel for the 80188 pP. 
DGM&S offers the kernel source code for an additional 
$15,000. The price of the ISP188 also includes two pe 
boards that plug into an IBM PC or compatible comput- 
er (each board contains a 29C48, a 29C53, and an 80188 
wP), diagnostic software, two days of training, and 
unlimited incorporation rights for the object code. 

Mitel’s $1500 MB89000 ISDN Express card places 12 
of the company’s ISDN components on one PC-compati- 
ble board. The menu-driven software supplied with the 
card gives you access to the data, control, and status 
registers on each IC. The Express card provides a 
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Combining ISDN basic-access and primary-rate chips, the 
MB8s9000 ISDN Express card from Mitel allows you to experiment 
with all of the ISDN interfaces. 


vehicle for experimenting with the S interface as well as 
with the T1 and CEPT primary-rate interfaces. All line 
interfaces appear on standard connectors at the back of 
the board. The product also includes two of the compa- 
ny’s MT8952 HDLC protocol controllers and a digital 
crosspoint switch. 

Products like the Mitel Express card and the other 
development boards from Intel and AMD can help you 
familiarize yourself with ISDN concepts. Because 
phone companies are rapidly implementing ISDN facili- 
ties in the global telecomm network, it’s a good idea to 
look now at how ISDN will fit into your general product 
line. The availability of ISDN chips will make it easier 
for you to integrate ISDN interfaces in virtually all the 
computer equipment you're designing. Both the im- 
pending availability of ISDN services and the current 
availability of ISDN chips promise to make ISDN a 
commercial reality by the end of the decade. EDN 
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Now 
layout 


You can also layout with 
Apollo? And on the DEC*™* 

With complete access to 
GDS Ii” 


Introducing the EDS I" 
IC Design System. 


GE Calma’s new Electronic 
Design System puts the auto- 
mated IC design tools you 
need onto the industry's 
hottest platforms. Without 
sacrificing control or your 
investment in GDS IL. 

You see, we've linked the 
most popular engineering 
workstations to the GDS I 
library. So you can retrieve and 
work on any existing design. 

Or create entirely new 
designs in such modern, easy- 
to-use environments as Sun; 
Apollo and MicroVAX* 


Visit your GDS I 
library anytime. 


EDS I provides a direct 
library-level 
interface to 
any GDS I 
design on 
the network. 

Just give the “OPENLIB? 
command and the GDS II 
library you want will appear 
on your workstation. Without 


going through time-consuming 


STREAM" level conversions. 
Then make changes using 


the advanced EDS III features, 


including an upcoming 
high-level, GPL-compatible 
user programming language. 


Youll cut design — 
time while mak- 
ing the most of 
your GDS II 
library and its 
powerful capacity fo 
GaAs, hybridsand 
mixed analog/digital design. 

And as upgrades for GDS I 
are released, EDS II will still 
be your standard platform 
ACCESS. 


Route any block 
and cell automatically. 


You can save more time 
by routing standard cells and 
blocks of all shapes and sizes 
automatically. And you have 
the same capability with 
standard cell placement and 
floor planning. 

But even though the system 
is automated, youre still in 
charge. With control of die 
size, power and ground distri- 
bution, and placement. 

And you can document 
your design 
as YOU gO 
along. 

What's 
more, you can 
customize the EDS III inter- 
face to fit your needs. Whether 
you prefer the latest pull- 
down menus and windows in 
EDS II, the familiar GDS I 
menus or your own personal 
setup. 

And because EDS IIT is 
open, you can take advantage 
of database access routines to 
integrate your own tools. 


Now everyone 
shines. 


With design tracking 
that automatically 
reflects any change 
throughout the system, 
EDS III keeps everyone on 
your design team informed. 

And you in complete 
control. No matter how many 
revisions are made. 


For more hot news, 
call our hot line. 


So if you're interested in 
connecting your industry 
standard workstations with the 
industry standard CAD sys- 
tem, ask for our free brochure. 
Call us at 1-800-GE-CALMA, 
ext. 430. 

And start getting some Sun. 


*A pollo and MicroVAX platforms available 


early L988. 


© 1987 Calma Company. EDS III, GDS II, STREAM and GPL are trademarks of Calma Company. Apollo is a registered trademark of Apollo Computer Company. DEC and MicroVAX are trademarks of Digital Equipment Corporation. 


Sun and the Sun logo are registered trademarks of Sun Microsystems, Inc. 
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It uses Microport™ DOSMerge 
: 386™ for concurrent UNIX® system 
Introducing TeleSTAR, the first open system (3), ,dns bos" eperation give 


386 engineering workstation. you access to the widest range of 


technical and business software. 
The new TeleVideo® TeleSTAR/386™ — graphics and Ethernet™ networking. _It also features MIT’s X Window," 
Engineering Workstation is the first It even comes with an affordable the de facto standard user-interface 
workstation to give you 16 MHz price: just $10,995. system for multitasking on one 
80386 power, high resolution The new TeleSTAR/386 is an screen, plus GKS software for stan- 
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You've already invested quality time and 
budget in building the very best VME 
computer system for your application. 


Call us or your BICC-VERO Distributor 
for complete information. 


Now, interconnect your components with 
the very best backplane. Select from the 
full range of sizes and configurations 
offered by BICC-VERO. 


ELECTRONICS 


BICC-VERO supports their VME Back- 

planes with a full line of card frames, 

enclosures, and connectors. Ask for the 
. details. 


BICC-VERO ELECTRONICS, INC. 


1000 Sherman Avenue - 
Hamden, CT 06514 


(203) 288-8001 TWX: 510-227-8890 
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You told us what 


you wanted in 
digitizing oscilloscopes 


AGAIN. 


Introducing HP’s new high-perfo 


You told us what would best 
meet your measurement needs. 

So in '84 and '85 we 
brought you digitizing oscillo- 
scopes with pioneering features 
like full programmability, 1 GHz 
repetitive bandwidth, color 
displays, automatic answeIs, 
single-shot pulse reconstruc- 
tion, infinite persistence, and 
instant hardcopy output. 

And now, we bring you 
the new HP 54111D/54112D/ 
54120T series. 

These high-performance 
digitizing oscilloscopes let you 
measure what you've never 
measured before, with superb 
accuracy and ease of use. 

You'll find innovations 


HP 54111D 


such as'20 GHz bandwidth, 
4-channel simultaneous 400 
MSa/sec with 64k memory per 
channel, time domain reflec- 
tometry (TDR) with normali- 
zation, 10 psec time interval 
accuracy, and more. 


HP 54111D: 
the hot single shot. 
The HP 54111D offers 
two simultaneous channels 
operating at up to 1 Giga- 
sample per second...allowing 
you to capture high-speed 
single-shot phenomena such 
as high-speed pulses, plasma 
discharge, high voltage arcing, 
high frequency bursts, laser 
pulses and high energy events. 


4 Gigasample/sec digitizing rate 
L] 500 MHz repetitive bandwidth 
L] 250 MHz single-shot bandwidth 
L] 8k memory per channel 


LJ 1 mV/div sensitivity 


You get the single-shot 
performance of analog storage 
oscilloscopes with all of the 
performance advantages of 
digitizing oscilloscopes. 

The HP 54111D also offers 
a 500 MHz bandwidth, so it will 
perform admirably in a wide 
variety of repetitive as well as 
non-repetitive applications. 


HP 54112D: 
64,000 bytes times 4. 
The HP 54112D offers you 
simultaneous 4-channel capture 
at 400 Megasamples per second 
with 64k of memory per chan- 
nel. Just right for the long data 
streams found in serial data 
communication applications. 


HP 54112D 

L] 400 Megasamples/sec digitizing rate 
LJ 100 MHz repetitive or single-shot 

L] 4 simultaneous channels 


L] 64k memory per channel 


rmance digitizing oscilloscopes. 


Four simultaneous chan- 
nels enhance critical timing 
measurements on multiple test 
points...single-shot. And the 
HP 54112D's four channels are 
always real-time correlated for 
every trigger occurrence. 

In automated test, four 
channels with 64k memory per 
channel boost your throughput 
by capturing 256k of data 
simultaneously. 


HP 54120T: excels in 


high-speed applications. 


With its 20 GHz bana- 
width and 10 psec accuracy, the 
HP 54120T lets you measure 
propagation delays of ICs or 
switching times of high-speed 


diodes. Characterize microwave 
switches. Verify signal path 
impedances in computer back- 
planes and test fixtures. And 
more. 

You get high sensitivity, 
resolution, and accuracy for 
repeatable time-interval and 
voltage measurements, with 
stability and ease-of-use com- 
parable to lower-performance 
oscilloscopes. 

The HP 54120T offers four 
channels for logic gate charac- 
terization. Time and voltage 
histograms to help you quantify 
noise and jitter. Normalization 
to correct for imperfect connec- 
tors in reflection (TDR) and 
transmission measurements. 


HP 54120T 
LJ dce-20 GHz bandwidth with averaging 


LJ 10 psec time interval accuracy 
L] 0.25 psec time interval resolution 
L] Time and voltage histograms 
L_] Stable TDR with normalization 
[10.4% voltage accuracy 
oN L] 4 channels 
\ 


Probing to 6 GHz. And the list 
goes on. 


Contact HP today! 


For more information on 
our new high-performance 
digitizing oscilloscopes, fill out 
and mail the postage-paid reply 
card today. Call us direct at 
1-800-752-0900. Or contact 
your local HP sales office listed 
in the telephone directory white 
pages. Ask for the electronic 
instruments department. 


PY packarD 


The specs you need, and the features you want. 


In addition to their outstanding individual contributions, the new HP 
54111D/54112D/54120T digitizing scopes offer you full programmability, 
automatic measurements, instant hardcopy output to printers and plotters, 
waveform storage, and multiple-color displays. 

You also have HP's excellent reliability, documentation, and support 
to make you productive with your HP instrument quickly and ensure your 


satisfaction for years to come. 
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HP54111D $23,900.00" 


VERTICAL 
Rep. bandwidth 
9.5. bandwidth 


500 MHz 
250 MHz 


Inputs 2 chan & 2 trig 
Resolution 8 bit to 25 MHz, 
7 bit to 100 MHz, 
6 bit to 250 MHz 
Sensitivity 1 mV/div 
to 5 Vidiv 
Coupling ac, dc; 50 Ohm & 
1 MOhm 
HORIZONTAL: 
Digitizing rate (max) 1 GSa/sec 
Resolution 10 psec 
Pre-trigger viewing YES 
MEMORY: 
Acquisition/chan 8k 
Waveform storage 2 pixel, 


4 rep wfm, 4 ss wfm 


Nonvolatile 

instrument setups 10 
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HP54112D $22,900.00* 
VERTICAL: 

Rep. bandwidth 100 MHz 

S.S. bandwidth 100 MHz 


Inputs 4 chan & 1 trig 
Resolution 6 bit to 100 MHz 
Sensitivity 5 mV/div 
to 5 Vidiv 
Coupling ac, dc; 50 Ohm & 
1 MOhm 
HORIZONTAL: 


Digitizing rate (max) 400 MSa/sec 
Resolution 40 psec 
Pre-trigger viewing YES 


MEMORY: 
Acquisition/chan 64k 
Waveform storage 2 pixel, 


4 rep wim, 4 ss wfm 
Nonvolatile 
instrument setups: 10 


HP 54120T 


VERTICAL: 
Rep. bandwidth 
9.5. bandwidth 
Risetime 
Accuracy 
Inputs 
Resolution 
Sensitivity 
Coupling 


HORIZONTAL: 
Accuracy 
Resolution 
Pre-trigger viewing 
Range 


MEMORY: 
Acquisition/chan 
Waveform storage 


Nonvolatile 
instrument setups: 


TDR 

Pulse source 
Amplitude 
Risetime 
Flatness 

Normalization 


0G Oo: 
ona Oo 
ANOA: O 


ANaAG O 


$27850.00** 


4 chan & 1 trig 

12 bits 

1 mV/div to 80 mV/div 
50 Ohm 


10 psec 

0.25 psec 

NO 

10 psec/div-1 s/div 


0.5k 
2 pixel (volatile), 
4 rep wfm (nonvolatile) 


10 


0-200 mV 
35 psec 
1% 

YES 


Waveform histograms YES 


*US. list price only. 


Varies according to options selected. 


**U.S. list price only. 


Includes both the HP 54120A and HP 54121A. 
Specifications subject to change without notice. 


DESIGNED FOR 


HP-IB: Not just IEEE-488, but the 


hardware, documentation and 
support that delivers the shortest 


SYSTEMS 


Cp} 


path to a measurement system 


HEWLETT 
PACKARD 


E115701 
5954-2661 


Wescon /87 


Wescon’s 3-day professional program will 
provide you with practical technical infor- 
mation you can use immediately. Special 
exhibits and sessions on the business of elec- 
tronics will help put wt all in focus. 


Dan Strassberg, Associate Editor 


“Lights! Camera! Action!” Although the phrase sounds 
more appropriate to show biz than to electronics, it 
aptly describes the theme of this year’s edition of the 
electronics industry’s oldest trade show. Wescon/87, 
which will take place November 17 through 19 at San 
Francisco’s Moscone Center, Civic Auditorium, and 
Brooks Hall, will turn the spotlight on electronics in 
entertainment and broadcasting. 


Keynote address will spotlight the Olympics 

The keynote address, by Charles A Steinberg, board 
chairman of Ampex Corp, will take you behind the 
scenes of the Olympic games that have been held since 
1964. The address, at 12:00 noon on Tuesday in the 
Meridien Hotel ($25 admission), will illustrate electron- 
ics’ role in putting television viewers in a front-row seat 
for the games. Following Mr Steinberg’s talk, the 
Wescon Business Conference entitled “The State of the 
Entertainment Electronics Business” ($30, or $50 in 
combination with the keynote luncheon), will feature 
talks by Joseph Roizan, president of Tegal Consultants; 
William Jasper, president of Dolby Labs; R Bland 
McCartha, director of marketing for Ampex’s AVS Div; 
and Russ Coughlin, TV editorial commentator. _ 
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Picking up on the electronics in entertainment theme 
will be a new feature at Wescon—the Electronics Thea- 
ter. Located in the Civic Auditorium and open free of 
charge to all Wescon attendees, it will offer a combina- 
tion of show-and-tell sessions, computer graphics from 
ACM/Siggraph, and video films. On each of the three 
show days at 9:00 AM, the Electronic Theater will 
present a session exploring applications of leading-edge 
technologies. On Tuesday, “Television and Special 
Event Communication—the Concept and How it Can 
Help You” will explain how multichannel party-line 
intercom systems not only coordinate entertainment 
events, but also play roles in aerospace and industry. 
Wednesday’s session, “Computer Graphics Animation,” 
will start with a historical perspective of the field and 
then discuss the state of the industry today and look at 
its future. Thursday’s theme, “Digital Signal Process- 
ing for Television Broadcast,” will inform you about the 
operations needed to generate and manipulate TV 
signals, as well as trends in videotape recording. 

From 2:30 to 4:30 each afternoon, the Electronic 
Theater will present selections from the “1986 ACM/ 
Siggraph Convention Video Review.” Organized by 
Stephen Keith, ACM/Siggraph local-groups coordina- 
tor, the show will provide outstanding examples of 
computer graphics. During lunch, the Electronic Thea- 
ter will show short subjects. 


Special exhibit dazzles with sights, sounds 


A special exhibit will feature the hardware that helps 
create the sights and sounds of today’s electronics 
world. Among the products on display will be a 1-in. 
videotape recorder and the ADO (Ampex Digital Op- 
tics) special-effects device from Ampex Corp (Redwood 
City, CA). You will also be able to listen to the Emula- 
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tor II computer-based digital music synthesizer from 
E-Mu Systems (Scotts Valley, CA). The exhibit will 
showease video-digitizing equipment and a mobile 
broadcast van. 

In addition to static displays, you will be able to see 
videotapes of avionics, engineering-design, and graph- 
ics-modeling systems from Robert Bosch Corp and 
Evans and Sutherland, both of Salt Lake City, UT. The 


free exhibit, to be located in the Civic Auditorium, will 
be open during regular show hours. 


Conference turns toward business 


Although Wescon won’t officially open until Tuesday, 
a 2-part conference will take place Monday at the 
Meridien ($55 including luncheon, for morning or after- 
noon sessions; $80 for all day). The conference will 


SS OTHERWISE NOTED. 


EDN November 12, 1987 


explore methods of doing business domestically and 
internationally. In the 8:30 AM to 12:00 noon session, 
speakers Richard Holton, a professor at the University 
of California at Berkeley; Zhang Zhidong, China Elec- 
tronics Import/Export Commission; Lee Ting, Hewlett- 
Packard; Nancy Kuo, Finnigan Corp; and Robert 
Yahng, Baker and McKenzie will explore “Doing Busi- 
ness in the Pacific Rim.” During the 12:00 noon to 2:00 
PM luncheon, Joan M McEntee, deputy assistant secre- 
tary for trade development at the US Department of 
Commerce, will present an overview of the Reagan 
Administration’s trade policies for the Pacific Rim. The 
2:00 to 5:00 PM session, “Going to Market in the 
Domestic US,” will feature talks by John Haskell, 
marketing consultant, and Marshall Cox of Western 
Microtechnology Ine. 

On Wednesday at the Meridien, conferences ($20 
each) related to the business rather than the technical 
side of electronics will continue. From 9:00 AM to 12:00 
noon, you will be able to obtain “An Insider’s View of 
J-I-T: a Purchasing Perspective” with Bruce Harvey 
and Michael Saenz of HP, Gordon Beattie of Northern 
Telecom, and Dennis Ryan of Unisys. Those who want 
to invest in electronics securities should attend “Invest- 
ing in Electronics: Venture Capital and Public Stocks” 
from 2:00 to 5:00 PM, with Michael Murphy and Lissa 
Morganthaler of California Technology Stock Letter. 

Interest in cryogenics, which not too long ago had 
dropped to near absolute zero, has heated up recently 
with the development of higher-temperature supercon- 


ducting materials. You will get an informed look at the 
future of this technology on Thursday at the Meridien. 
There, a panel comprising Professor M Beasley, Stan- 
ford University; Professor T Van Duzer, UC Berkeley; 
Arnold Silve, TRW Space and Technology Group; and 
Dr Ferdinand Bedard, US Department of Defense will 
discuss “Superconductor Electronics and the New High 
Temperature Materials.” This session is free to all 
registered attendees. 


Technical program addresses nuts and bolts 


If all the sessions on business, applications, and 
crystal-ball-gazing leave you hungry for new products 
and technology you can use, you should consider at- 
tending a 3-day technical program. It addresses the 
nuts and bolts of electronics, focusing on the impact of 
the evolving technologies on the way engineers do their 
jobs. Virtually all technical sessions will be held in the 
Moscone Convention Center, and you won’t have to pay 
extra to attend them. Sessions run from 9:00 to 11:00 
AM, 12:30 to 2:30 PM, and 3:00 to 5:00 PM. 

On Tuesday, you’ll be able to choose from three 
sessions each on high-performance VLSI, software- 
applications tools, and system solutions. On Wednes- 
day, several sessions will focus on PLDs; three more 
will highlight power systems; and three others will 
cover data acquisition and control. You'll also be able to 
attend sessions on bus interfaces, metastability, and 
ISDN. On Thursday, Wescon attendees will find three 
sessions on new-generation single-chip Ps, as well as 


Transportation and show details 


As in most other large cities, 
parking in San Francisco is a 
hassle. Therefore, Wescon offi- 
cials recommend that, if you 
must drive to the city, you park 
at Candlestick Park. It is close 
to the Bayshore Freeway—well 
away from downtown—at the 
Southeast corner of the city. 
Parking there costs $8, and 
shuttle buses will run frequently 
to and from Wescon. You must 
remove your car from Candle- 
stick by 6:45 PM. If you take the 
BART (Bay Area Rapid Tran- 
sit), the Civic Center stop is the 
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most convenient to the Civic Au- 
ditorium and Brooks Hall. 
Powell Street is the stop for 
Moscone Center. If you travel 
by bus, take the 21 Hayes or 19 
Polk for Brooks Hall and Civic 
Auditorium; take 15 Kearney or 
30 Stockton for Moscone Center. 
The bus costs $0.75, and drivers 
will not make change for you. 
Registration (for those who 
have not preregistered) costs $10 
at the door. It admits you to 
both the exhibits and the profes- 
sional program. As previously 
mentioned, your registration 


also admits you to the Electronic 
Theater and the special panel on 
superconductivity. 

As you look through EDN’s 


_ Wescon product section, you can 


map out a strategy for covering 
booths that interest you. To 

do this, it’s helpful to know that 
booths numbered 3999 or lower 
are in the Moscone Center, 4000 


through 4999 are in Brooks Hall, 


and 5000 through 5999 are in the 
Civic Auditorium. 
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Turn Good 
Ideas Into 
Good 
Articles 


With EDNs FREE 
Wniter’s Guide! 


Would you like to get paid for sharing 
your clever engineering ideas and 
methods with your professional col- 
leagues? If so, then send for EDN’s 
new FREE writer’s guide and learn 
how. 

You don’t need the skills and 
experience of a professional writer. 
And you don't need to know publishing 
jargon. All you do need are a little per- 
severance, your engineering skills, and 
the ability to communicate your ideas 
clearly. 

Our new writer's guide takes the 
mystery and intimidation out of writ- 
ing for a publication. It shows you 
how to write for EDN using skills you 
already have. Plus, it takes you step-by- 
step through the editorial procedures 
necessary to turn your ideas into 
polished, professional articles. 


Get your FREE 
copy of EDN'’s 
writers guide by 
circling number 
800 on the Infor- 
mation Retrieval 
Service Card 

or by calling 
Sharon Gildea at 
(617) 964-3030. 
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sessions on SMT, flat-panel switches, silicon sensors, 
real-time programming, and GaAs devices. 

Session 3 will cover debugging of integrated sys- 
tems, and Session 4 will shed light on the merits of 


32-bit RISC and CISC architectures. Speakers at Ses- 


sion 2 will address the problem of software verification. 
Session 22 will cover programming single-chip pPs, 
and Session 27 will guide you through the mine field of 
real-time programming for multiple CPUs. The title 
tells the story of Session 8: “PC-Based CAD—Comput- 
er-Aided Design or Computer-Aided Disaster? A 
User’s Perspective.” 

Programmable logic devices will star in Session 10, 
which poses the question: “PLDs... Are They a De- 
sign Stepping Stone or Do They Offer Long-Term 
Design and Manufacturing Solutions?” Session 18, ti- 
tled “Application-Specific PLDs—A New Thrust,” will 
cover the impact of programmability in application- 
specific devices. 


Cool SMT issue will surface 


EDN readers who followed Steve Leibson’s recent 
5-part, hands-on SMT series may want to attend Ses- 
sion 23—“Thermal Considerations in Surface-Mount 
Technology.” The session will address the double- 
edged problem of SMT boards, which take up less 
space, yet dissipate the same amount of power as their 
predecessors that use through-hole mounted compo- 
nents. The session will explain how to keep SMT boards 
cool, thus avoiding high failure rates. 

The ubiquitous MS-DOS-based personal computer 
and the Apple Macintosh will star in another session. 
Because both machines offer a wealth of low-cost soft- 
ware tools and applications software, PC-based data 
acquisition and control has become more intriguing. 
But, until recently, designers have had to overcome 
significant problems with these systems to achieve 
adequate performance. Session 19, “Personal-Comput- 
er-Based Data Acquisition and Control,” will highlight 
products for implementing low-cost control systems 
that take advantage of the economical computational 


capability of PCs. EDN 
Products begin on pg 1517 
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53.6 Reasons to Choose P-CAD 
for CAE and PCB design. 


te 
==) cici 


"e Large board capacity @ ASIC design kits 


sees 


- ae . a | eS ee ae | iad 
e Operates on standard hardware ® Full range of system interfaces © 3000+ component library 


rvices @ 24-hour on-line support 


To find out why 53.6% of 
engineers using PC-based CAD 
systems choose P-CAD® for 
workstation level performance, 
call toll-free: 


800-523-5207 U.S. 
800-628-8748 California 


Personal CAD Systems, Inc. 

1290 Parkmoor Avenue 

San Jose, California 95126 USA 
Telex: 371-7199 FAX: 408-279-3752 


e Local sales & training 


PERSONAL CAD SYSTEMS INC. 


*Source: Dataquest, Inc. 
P-CAD is a registered trademark of Personal CAD Systems, Inc. 
Generation 2.0 is a trademark of Personal CAD Systems, Inc. 
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Shield with one crimp. 
Overmold in one step. 


Short-run solution: slide-on covers 
@ isolate connector shield for ESD 


protection, give the appearance of 
overmolding (available 
without logo). 


Snap our shield halves together 
over the back of the connector. 
Terminate to the cable braid with 
one crimp. The finished assembly 
provides consistently predictable, 


consistently reliable EMI protection. 


The finished assembly also 
overmolds in a single step. So you 
gain performance, and save time — 
just the productivity combination 
you expect from AMP. 

There are more, too. Order 
connectors/shielding kits for any of 


the popular termination methods — 
solder, crimp/snap, or mass 
insulation-displacement. Order 
them select-loaded, per RS-2382. 

And of course look to the rest of 
the AMPLIMITE line for additional 
step-saving, performance-gaining 
ideas. 

Our headers, for example, are 
available with integral board locks 


AMP and AMPLIMITE are trademarks of AMP Incorporated. 


and close-tolerance solder tails. 
Designed for robotics — and 
designed ahead, so the tooling that 
works with our through-hole Ds 
also works with surface-mount 
versions. 

Call 1-800-522-6752 to find out 
more about AMPLIMITE 
connectors. AMP Incorporated, 
Harrisburg, PA 17105-3608. 


ANF Interconnecting ideas 
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One step shielding/overmold kits save time and 
free up resources. Kits are available with solder, 
crimp/snap, and mass insulation displacement 


AMPLIMITE contacts. 


AMPLIMITE headers with close-tolerance 
soldertails, snap-in board locks fit well 

with robotic application. Positioning datum 
is compatible with surface-mount versions. 


STOP 
BUILDING 


It seems like everybody out there is doing 
the same old thing. 

But our new PC/AT-compatible chip set 
lets you do something entirely different. 

Like building PC/AT-compatible 
computers and enhanced PC/AT 
products with every feature and 
function you can think of. 

Thanks.to our megacells and ASIC 
design tools, you can customize your PC 
faster than your competition can say Big Blue. 

Or you can save big money buying our chip set 
right off the shelf. 

THE BIG ADVANTAGES OF 
BEING SMALL. 

Our CMOS, five-chip set cuts the number of non- 

memory ICs on a motherboard from 110 all the way down — 


a, tO 0 16. Thats one of the lowest chip counts on the market. 
>. You save 85% of the parts. And you 
probably save more money than with any 
other PC/AT-compatible chip set. 
But what about speed? 
~ — How does 12 Mhz with zero wait states 
read and one wait state write sound to you? 
And even at top speed, a full motherboard 
uses less than 1.6 amps. 
Call us at 1-800-872-6753 to get more informa- 
tion about our new PC/AT-compatible chip set. 
And stop clowning around with clones. 


Wy VLSI TECHNOLOGY, INC. 


1109 McKay Dr., San Jose, CA 95131 ¢ 1-800-872-6753 
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Augat offers the answer for putting 
a square peg into a round hole. 


New Densepak”™ adaptors 
bridge the gap between existing 


technologies and emerging ones. 


Augat Densepak 
adaptors enable you to 


With Densepak adaptors, you can 


™ 


Your bridge to the future, now. From the 
mount or through-hole boards people who know where you want to go. 
upfront. And still be able to use user-  Augat. Innovation that works. 

friendly packaging EORGenr a ya ean eee 2 
panels for prototyping I’m ready to use tomorrow's technology 


expense of new multi-layer surface 


in the coupon or call our Mail to: Augat, Inc. Interconnection Compo- 


plug the new, highly designs. | today. Send me a copy of your new Engi- 

d ac : 1 oe All th it | neering Databook showing how Densepak 
oe ee ; oo adaptors can make it possible. EDN111287 
etry IC components— , _ ties are outlined inour — | 
surface mount, pin grid, new Engineering Data- | Name 
fine line chip carrier pack- book: the only compre- _, Title 
aging and many others— hensive data source | Company 
into existing circuit DENSEPAK adaptors design uses no AVailable on how to beets Aleade 
boards. For modifying more than 25% board space than the adapt new components 

. be actual chip by routing the traces under | City State 
upgrading or developing the chip. to old boards. Free for a 
new applications. the asking. Send | Zip_____—— Telephone 


evaluate circuit performance easily and 
economically. You can prototype how- 
ever you like and incorporate the latest, 
most sophisticated packaging into your 
designs. Now. Without going to the 


U.S. and International Patents Issued. 


EDN November 12, 1987 


nents Division, 33 Perry Avenue, Attleboro, 


literature depart- ' MA 02703 (617) 222-2202. 


ment at (617) 
999.99()2. TWx: 710 391 0644 
Densepak : INTERCONNECTION 
adaptors. AUGAT COMPONENTS 
“QualityandInnovation =——=~S 
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Tutorial: DSP-Based Testing of Analog 
and Mixed-Signal Circuits 
by Matthew Mahoney 
This tutorial answers the questions about 
how digital signal processing-based 
machines work and what role DSP plays 
in the process. It also shows how DSP 
performs in real-test situations. (ISBN 
0-8186-0785-8): Sept. 1987, approx. 250 
pages, paper. 
Order No. EK785 
*list price $40.00 

Circle 50 for free 15-day exam 


Protecting Contractual and Proprietary 
Rights in the Computer and High- 
Technology Industries 
by Tobey Marzouk 
Among the most important questions 
facing computer and high-technology 
firms is how they can best protect their 
proprietary rights in software and 
hardware without unduly hampering their 
abilities. This monograph explains the 
fundamental elements of proprietary 
rights protection in the computer and high 
technology industries. (ISBN 
0-8186-8754-1): Oct. 1987, approx. 240 
pages, casebound. 
Order No. EK754 
*list price $39.95 

Circle 51 for free 15-day exam 


Tutorial: Object-Oriented Computing, 
Volume 1: Concepts 
by Gerald Peterson 
Object-oriented computing has gained 
considerable interest in the last few years 
due in part to the U.S. Department of 
Defense’s push of Ada. In consideration of 
the inclusive scope of the object-oriented 
computing aspects covered, this tutorial is 
divided into two volumes. 
(ISBN 0-8186-082 1-8): Sept. 1987, 
approx. 350 pages, paper. 
Order No. EK821 
*list price $40.00 

Circle 52 for free 15-day exam 
Tutorial: Object-Oriented Computing, 
Volume 2: Implementations 
by Gerald Peterson 
While Volume 1 of this two-volume set 
deals with concepts, this volume deals 
with implementations. (ISBN 
0-81 86-0822-6): Sept. 1987, approx. 350 
pages, paper. 
Order No. EK822 
*list price $40.00 

Circle 53 for free 15-day exam 


COMPUTER 
SOCIETY 
PRESS © 


THE 


COMPUTER SOCIETY 
PRESS ° fad 7987 


CoE Society publications provide the most up-to-date and technically 
accurate information in the computer field. Written by acknowledged experts, 
with reprinted articles from the most recent and hard-to-find publications in the 
field, our titles give your readers an information edge in the information age. 


SELECTED REPRINTS ow 
Reductign 

| 
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National Computer Policies 
by Ben G. Matley and 
Thomas A. McDannold 
Discusses the authors’ beliefs that the 
position of nations in the coming 
Information Era is being decided now, 
quite similar to how the position of nations 
in the 20th century Industrial Era was 
decided during the 19th century. (ISBN 0- 
8186-8784-3): Oct. 1987, approx. 200 
pages, casebound. 
Order No. EK784 
*list price $39.95 | 

Circle 54 for free 15-day exam 


Tutorial: Gallium Arsenide Computer 
Design 

by V.M. Milutinovic and D.A. Fura 

For what applications is GaAs well-suited, 
and for which computer design 
approaches will the strengths of this new 
technology be best exploited? This tutorial 
discusses these and other issues related 
to the role of GaAs in computer design. 


(ISBN 0-8186-0795-5): Oct. 1987, approx. 


400 pages, paper. 
Order No. EK795 
*list price $46.00 
Circle 55 for free 15-day exam 
*pre-publication price 


Selected Reprints on Dataflow and 
Reduction Architectures 
by S.S. Thakkar 
Organized to give an understanding of the 
data- and demand-driven architectures 
and their programming. (ISBN 
0-81 86-0759-0): June 1987, 454 pages, 
paper. 
Order No. EK759 
list price $39.00 

Circle 56 for free 15-day exam 


Tutorial: Software Engineering Project 
Management 
by Richard Thayer 
Assembles information on the successful 
management of software engineering 
projects, including how to deliver a 
software system on time and within cost. 
(ISBN 0-8186-0751-3): Oct. 1987, approx. 
400 pages, paper. 
Order No. EK751 
*list price $45.00 

Circle 57 for free 15-day exam 


Selected Reprints in Software (3rd 
Edition) 
by Marvin V. Zelkowitz 
This updated edition presents significant 
new advances in the field of software, 
including the maturation of Ada as a 
production programming language and 
the emergence of Modula 2 and Prolog as 
viable alternatives for some problem 
domains. (ISBN 0-8186-0789-0): May 
1987, 400 pages, paper. 
Order No. EK789 
list price $40.00 

Circle 58 for free 15-day exam 


Integrating Design and Test—Using CAE 
Tools for ATE Programming 
by Kenneth P. Parker 
This monograph links design and test in 
the workstation by developing the 
potential for synergism between CAE and 
ATE systems. (ISBN 0-8186-8788-2): 
Aug. 1987, 160 pages, casebound. 
Order No. EK788 
*list price $39.95 

Circle 59 for free 15-day exam 


* 
To order for 15-day free examination; simply 


circle the appropriate number(s) on the Reader 
Service Card at the back of this magazine. Your 
book(s) will be sent to you for your 15-day 
examination. If you are satisfied, keep the 


book(s) and pay the purchase price plus 
postage and handling, otherwise return the 
book(s) by the end of the 15-day period and 
owe nothing. 
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ASYSTANT+- ...Menu Driven 
Engineering And Scientific Software 
Brings New Power To Your PC! 


Data acquisition, analysis, statistics and astounding graphics 
in one easy to use, integrated and affordable package. 


ASYSTANT + isa software package designed Here are just a few of the powerful features: software you can unlock your engineering and 


exclusively for engineers and scientistswho — « A/D, D/A, Data Acquisition and Control scientific potential while expanding your 

use a PC as a personal productivity tool. It ° Full integration to eliminate program productivity. 

offers fully integrated data acquisition, shuffling ASYSTANT+ is what engineering and 

data analysis and astounding graphic ° Outstanding presentation quality graphics scientific software is supposed to be... 
capabilities. which easily outputs to plotters productive, powerful and capable of handling 


This powerful software is menu driven to get Built-in, ready to run functions include FFT, YOUr toughest assignments. 
you up and running immediately and provides smoothing, curvefitting, statistics, matrix Best ofall, it’s easy to install, easy to use 
an interactive and very clear help menu. and polynomial operations. .. and more and very affordable. 


ASYSTANT+ has no equal, either in power Call us today for more detailed information. 
or functionality. With this software the time 1-800-348-0033 

consuming requirements of custom 

programming are eliminated. With this 

software you no longer have to settle for 

“business oriented spread sheets’ or multiple 

programs from several sources. With this 


SOFTWARE TECHNOLOGIES, INC. 


ASYSTANT + Ready-to-Run Scientific Software is a trademark of Asyst Software Technologies, Inc. 100 Corporate Woods « Rochester, N.Y. 14623 
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Here's a fully featured 400-watt, triple- 
output power system that’s configured 
for direct connection to the motherboard 
in your VME bus system. It’s a standard 
MOSFET switcher that includes all the 
features you’ve come to expect from NCR 
Power Systems. 

Switching frequency is 80 kHz, and the 
unit has protection against overvoltage, 
overcurrent, and input surges. It meets 
the stringent safety and EMI requirements 


Plug-in power for VME! 


regulation and 75% efficiency make the 
unit ideal for data communications and 
processing applications. 

Standard units can be modified by 
NCR for precise conformance to cus- 
tomer requirements. 

For detailed specifications and price 
quotation, contact NCR Power Systems, 
3200 Lake Emma Road, Lake Mary, FL 
32746; Telephone 800/327-7612 or in 
Florida, call 305/323-9250. 


established by UL, CSA and TUV (VDE). SEE US AT WESCON: 
Packaging complies with the Eurocard BOOTHS 150 & 152 
standards defined in DIN-41494 and IEC- 
297 for plug-in attachment to the mother- 
board. Precise (+0.4%) line and load 
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Industrial instrument system 
runs all MS-DOS-based software 


The SW-3020 computer-based in- 
strument system works with a uni- 
versal counter, a digital multimeter, 
an oscillator, a programmable de 
power supply with three floating 
outputs, a function generator, and a 
module in which you can build proto- 
type instruments of your own de- 
sign. These modules accept optional 
plug-in front panels and conform to 
the height, length, and electrical 
specs of the IBM PC bus; however, 
they are thicker than standard PC 
expansion cards. They plug into and 
receive power from the vendor’s ex- 
pansion chassis. 

To control the modules, you can 
use the vendor’s SW-3000, a rack- 
mountable IBM PC/AT-compatible 
computer. In its standard configura- 
tion, this machine features 512k 
bytes of RAM, a 1.2M-byte floppy- 


disk drive, a 20M-byte hard disk, 
serial and parallel I/O ports, six 
open expansion slots, and a video 
adapter that supports Hercules 


Logic-analysis system 


handles 160 channels at 2 GHz 


You can configure the DAS 9200 
logic analyzer to acquire 540 chan- 
nels of data at 20 MHz with a 32k- 
bit-deep RAM in each channel, 482 
channels at 200 MHz with 4k bits of 
RAM per channel, or 160 channels 
at 2 GHz with 8k bits of RAM per 
channel. When using the device as a 
stimulus source, you can equip it 
with 1008 channels capable of 
50-MHz operation with 8k bits of 
RAM behind each pin. 

One to four rack-mountable, 
8-slot enclosures can house the sys- 
tem. Each has a built-in power sup- 
ply, which can furnish 90W per card 
slot. The first enclosure houses the 
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68010-based system controller, | the 
floppy-disk drive, and the hard disk. 
Specialized probing subsystems 


graphics, MDA (monochrome dis- 
play adapter), CGA (color graphics 
adapter), EGA (enhanced graphics 
adapter), and VGA (video graphics 
array) modes. For a video display, 
you can use the SW-3010, a 18-in. 
EGA monitor. The system runs all 
MS-DOS-based software and can 
also operate under the vendor’s 
VIOS (versatile instrument opera- 
ting software). System with com- 
puter, monitor, instrument chassis, 
chassis-interface cards and cables, 
instrument software, and calibra- 
tion software, $8100; instrument 
modules, $1045 to $1490; instrument 

panels, $140 to $155. 
Heath/Zenith, Computer-Based 
Instruments, Hilltop Rd, St Jo- 
seph, MI 49085. Phone (616) 982- 

3200. Booth No 2709. 
Circle No 650 


provide the interface to the unit 
under test. 

Some of the functions performed 
include 200-MHz triggering, clock 
qualification, counting, timing, and 
recognition of edges and inter- 
module events. You can purchase 
hardware options that support test- 
ing of systems-based wPs with 
buses as wide as 382 bits. $11,425 to 
$150,000. Delivery, four to 16 weeks 
ARO. 

Tektronix Inc, Box 12132, Port- 
land, OR 97212. Phone (800) 245- 
2036; in OR, (503) 231-1220. Booth 
Nos 2217, 2219, 2221, 2223. 

Circle No 653 
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W ESCON/87 PRODUCTS 


10-bit digitizer samples with 


3-psec-rms aperture-width jitter 


The Model 3000 waveform digitizer 
converts analog signals as high as 
390 MHz into 10-bit digital words. It 
samples every nanosecond (1 GHz) 
or at any of eight intervals, the 
longest of which is 505 nsec. Using a 
350-MHz sine-wave input, you get a 
spurious-response-free dynamic 
range greater than 50 dB typ, the 
equivalent of more than 8 bits. Dur- 
ing the conversion of a 5-MHz sig- 
nal, the S/N ratio improves to 57 dB. 

You can communicate with the 
unit via its internal RS-232C inter- 
face and can store 1k word of sam- 
pled data in its memory. You can 
select de or ac coupling (—3 dB 
below 10 kHz); program the full- 
scale sensitivity from 400 mV to 8V 
in five steps; and subtract input off- 
sets of + full scale (+5V max) in 256 
programmable steps. The unit has 


autocalibration ability. Because the 
analog signal is intentionally de- 
layed, you can in effect start conver- 
sions from 0- to 992-sample periods 
before the trigger, or from 0 to 
127k-sample periods after the trig- 
ger with 32-sample-period resolu- 
tion. And you can program the in- 
ternal trigger level over the 
full-scale signal range in 256 steps 
and the external trigger level over a 


+2V range in the same number of 
steps. 

Using the vendor’s software, you 
can connect your dedicated IBM PC 
or compatible to as many as eight 
digitizers. The computer can then 
control programmable functions; 
store and display the digitized data; 
and perform FFT, phase, and pow- 
er-spectrum calculations. Another 
digitizer, the Model 3100, provides a 
built-in wP-based IEEE-488 inter- 
face. You must supply your own 
software in order to control this 
instrument. Model 3000, $29,500; 
Model 3100, $31,500. Delivery, 60 
days ARO. 

Sequence Inc, 60 E Plumeria 
Dr, San Jose, CA 95134. Phone 
(408) 943-9707. Booth Nos 2749 and 
2751. 

Circle No 651 


Superconductive sampler gives 


5-psec rise time, and 50-V sensitiv- 
ity of the PSP-1000 picosecond sig- 
nal processor enable you to make 
measurements on the fastest cir- 
cuits. Waveforms and associated 
messages appear on a 455xX576- 
pixel, 13-in. color display. 

The speed of this digital sampling 
oscilloscope derives from its use of 
Josephson-junction samplers oper- 
ating at liquid-helium temperatures; 
the unit’s 5226.5 X28-in. console 
houses all cryogenic-cooling support 
hardware. Plug-ins contain the sam- 
plers; you can get single- and dual- 
channel TDR (time-domain-reflec- 
tometer) and oscilloscope plug-ins. 
An optional module extender lets 
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you minimize the cable length be- 
tween your signal source and the 
samplers by permitting you to lo- 
cate plug-ins outside the console 
while maintaining the sampler’s 
cryogenic temperature. After you 
exchange plug-ins, the sampler cools 
down to operating temperature in 
approximately one minute. 

When ordering oscilloscope plug- 
ins, you can specify +10, 100, or 


1000 mV max full-scale vertical sen- 
sitivity. The plug-ins’ dynamic 
range equals 46 dB at a 1:1 S/N 
ratio. You can select 1024, 512, 256, 
or 128 data points per waveform and 
can build the picture on screen by 
summing 256 or 1024 samples/data 
point. Sweep speeds range from 5 
psec/div to 1 nsec/div; you can dis- 
play as much as 30 psec of pretrig- 
ger signal. The built-in nonvolatile 
memory stores nine waveforms and 
their horizontal and vertical setups. 
Mainframe, $120,000; plug-ins, 
$30,000 each. 

Hypres Inc, 500 Executive Blvd, 
Elmsford, NY 10523. Phone (914) 
992-1190. Booth No 5040. 
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VCO’ 


Voltage Controlled Oscillators Are Our Business 


rar ae : | SATELLITE 

CLLUEAR tind a Ff 7 | || COMMUNICATIONS 
- els « ~~ . | ee | ¢ C-500, C-600 Models 
825-960 MHz | * 950 MHz - 2.3 GHz 


or > Pe 3 INSTRUMENTATION, 
RF MODEM LAN’s| s| We: |CATV 


C-500 Model +} ? gre) 1. C-500, C-600, C-700 
500 MHz Tuning + | =| _ “| Models 


| ¢ 1 GHz Tuning 
e 500 MHz Tuning 


Products shown are actual size. 
AND HOW DO WE COMPARE 


~cewo—[ won HR won] 
C-500 |-90dbc | -20dbc_ |$ 50.00* 
Avantek VTO-9090| -65dbc | -15dbc | $156.00 
Magnum V66T-1 |-70dbc | -20dbc | $166.00 


“Ask us about our OEM pri 
CALL TODAY: 305-735 


Phase Noise/Model C-500 


a 7 ® , 2 | 

7-Communications Inc.| 

; 5450 N.W. 33rd Ave., Suite 100 « Ft. Lauderdale, FL 33309 
TEL: (305) 735-1000 / FAX: (305) 735-1094 


Z-Communications designs and manufactures Voltage Controlled 
Oscillators (VCO’s), Synthesizers and RF-Modular products for the broad 
spectrum of applications ranging from Satellite Communications, Cellular 
Phones, CATV Industry, Instrumentation to RF-Modem LAN applications 
and many others with unique expertise in frequency ranges from MHz to 
3GHz and to 22GHz respectively. 

Z-Communications’ capabilities range from schematic design to layout Company: 


l 

| 

; 

| 

| Name: ____________ Title: 

| 

| 
and artwork generation. The production facility utilizes Surface Mount | Co. Address: 

| 

| 

| 

| 

| 

| 

| 


Tel. #: ( | Ce 4 * 


Technology and every single part leaving our facility is 100% tested over the 
entire operating temperature range. In short, we feel you will find our 
products to be the industry’s finest RF, Microwave designs and of the 
highest production quality at a price nobody in the industry can beat. 


Call us today for your RF and Microwave requirements. 


City: 
State: ____—E—sé‘ Zp: 
Please send more information on: 


O VCO’s Model 
O) Synthesizers 0 RF-Modules 


; | = My Application is: 
5450 N.W. 33rd Ave., Suite 100 « Ft. Lauderdale, FL 33309 
TEL: (305) 735-1000 / FAX: (305) 735-1094 d 


macs 


© Have Applications Engineer Call Me 
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Made-to-~measure hybri 


Whatever your special requirements in the area of Thick Film 
Hybrid Micro- circuits, CEI can make them to measure. 

Build them to last. And to conform to Mil Standard 883B. 

But more importantly, to conform precisely to your unique design 
parameters and specifications. 

Fully verifiable, with samples provided in as little as two weeks. 

So whether your project requires surface mounted, hermetic or 
non-hermetic chip and wire technology, you'll find few other companies, 


on-the-spot in South East Asia, who measure up to Chartered Electronics 
Industries. 


Ga my CHARTERED 


249 JALAN BOON LAY, JURONG TOWN, REPUBLIC OF SINGAPORE 2261,CABLE: DOBERMAN’ SINGAPORE. TELEX: RS 55992, RS 38951, FAX NO: 2610766 TEL:(065) 2612444, 2651066. 
U.S.SALES REPRESENTATIVES-W. COAST: PLEXIS SYSTEMS INC. 210 TWIN DOLPHIN DRIVE,REDWOOD CITY. CALIFORNIA 94065. TEL: (415) 5917808. E.COAST: BELLINGHAM, MASSACHUSETTS. = INDUSTRIES 


: : A 
TWX:510-6014428. A member of Singapore Technology Corporation 2% 
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When choosing bet he two leading microcontrollers, hee hod all Microtek emulators 1 use anes command struct 
don’t let emulator support slow you down, Microtek’s: eae nd include a symbolic debugger for a ee insight 1 into your 


emulators — MICE — ~ offer he a aha boost available oy 1e behavior. 
onthe marke. sits . Furthermore, the MICE family 1s fully interchangeabl : 


Because innovation is no nger a buzz ee but ther Oo] g as stand-alone or as companion modules for most popula 
a way of life — your business succe: jen on your ee to 2 ts and microcontrollers — giving you the abi lity... ani 
up your product-development ph ee -  ¢a or to take on any challenge, at any time. | 
market cycle. Tangible success rests on your a lity to get your | Take some of the battle out of business. Rest assured Wi 
discovery to the marketplace before “your -ompetiti ee a e knowledge that your product-development pace is as quic 
See the promise of such success become reality ae t s can be, that your design-to-market time 1s as 8 short as can n be 
in-circuit emulators provide th ost in capacity, the hardware _ With MICE on your team, success _ : 
breakpoints, the high-level language debugging, and the zero-wait joins inno masa way of life. 
_ operations that you require to ‘uncove the timesaving efficiency that . 
: keeps. you ahead of the Salle ies 


ee 6, Industrial East Road , 
US.A, Office: 16901 FAX: (213) 5. 
ARK SCMETACH NS @ ) 804200 “EASTERN EUROPE AKERMANN 4121-51748 Aton MICROSYSTEMS LTD 276) 685005 _ FINLAND NUR- 


Start Talkin 


(9) 

4 
oO 
fh) 
% 


303 


oh oe sp en mer is te Ry me me ee eet tow 


oo 9 6 me Oe oe oe ot ee ee we ot ee me 
ea ee om me on Be fm Rh Oe Be ou ee BS 
ie dn toe ye ek ON 
he i 
“er 


pe ne se om oe ae me eee Re mw Oe Oe 


\ “2195, 
= em, y - : 
1CALtEATEAat cae fe fF asy 


o TUUAUALSAENSEEASE = 8 


_qée6oy LOH 
Leer @ 


i: 


~~ ee > 2 eM 


239 


 pn4d R40 


* 


. 


36 D5 


Tayi TEL UN ae smeeengired Vota naSareoeti stare erga” garda OREN LR ata aie, stip id 
i Aa. faebt Re as 


Boe CLEAR, PAUSE... FRST Se 


Oe oe 


STu—coK6s” i oa TEC . eee 


If you’re talking top-quality, easy-access speech reproduction, 
remember that the most sound solutions start at OKI. 


of synthesizers and converters. And 
now, the first all-in-one ADPCM speech 
processor, the OKI 6258, which inte- 
grates your critical functions on a 
single VLSI chip. 


Talk it over with your project team. 
When you agree your system needs 
both higher quality sound and sim- 
pler application, start talking to OKI. 


World leader in speech technol- 
ogy and solutions, OKI supports 
your project with the most sound 
experience today. Over 1000 designs 
in the past two years alone. Satisfy- 
ing widely diversified applications 
with unique options drawn from a 
still-expanding product line: a family 


SPEECH FUNCTIONS 


To demonstrate its superb ADPCM 


sound quality and ease-of-use, OKI 
now offers you the 6258 DEMO KIT. 
It’s ready-to-go and specially priced 
now. For a realtime OKI ADPCM 
speech demonstration, call: 


800-336-8304 outside California; 
800-521-4887 in California 


New 
SingleChip| | | | _ OKI’s VLSI ADPCM 
Solution: aaa Speech Processor 6258. 
. : Highly integrated ADPCM chip, adaptable for 


WS 


two memory-storage options: either SRAM for 
battery power, or DRAM for extended speech 
time— up to 16 minutes using OKI’s high- 
density SIMM modules. 


ADPCM 
development 


ce sees your implementation, we can provide a complete 


prototyping system for editing, SAS-1 Memory 
Processor. And for playback demonstrations, 
the SAS-2 with built-in amplifier allows audio 
review of your programming. 


OPTIONAL 
SOLUTIONS 
FROM OKI: 


HESIS| ! 
Wy tools too: 

Whether you opt for the 

do-everything ADPCM 6258 

processor, or select other solutions from 

our versatile speech product line, OKI has al 

mo the technical assistance and development tools 

, PART NO. you’ll need in place. To simplify and support 


5204 
ADPCM 


Tel: ( 


Return to: Customer Service, OKI Semiconductor 
650 N. Mary Avenue, Sunnyvale, CA 94086. (408) 720-1900. 


Offer limited to 3 Kits per customer and expires November 30, 1987. Available only 
for U.S.A. and Canada shipment. Please allow 4-6 weeks for shipment. 
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5218 Pasa eee ee eee 
[ SPECIAL OFFER: Send for OKI’s 6258 Demo Kit. 
5248 ( ) Please send OKI 6258 Speech Processor Demo 
LSI SYNTHESIS WITH 6296 ! Kit(s), complete with 6258 Demo Board (SRAM version), 
BUILT-IN ROM 6243 U Microphone and 3” Speaker. Price per Kit is $285.00, 
6212 i plus $5.00 for shipping/handling: $290.00 Kit/total, 
sales tax included. Offer limited to 3 Kits per customer. 
[J Check or money order for $ enclosed. 
ADPCM [ (Sorry, no company purchase orders please) 
SYNTHESIS 9205 [ ( ) Send technical data on OKI Speech Product Line. 
ij Name/Title a 
[ Company. 
Address a 
City State Zip 


CuBIT 
STD BUS FOR 
INDUSTRIAL CONTROL 


Cubit Model 8020 CPU Board— 
$395 TO $445 
TWO 8-BIT 


PARALLEL PORTS 64180 MICROPROCESSOR 
Z80 CODE COMPATIBLE 


TWO 
RS-232 PORTS 


64K 


BATTERY BACKED 
RAM 


8-BIT, 
8-CHANNEL 
A/D CONVERTER 


32/64K 
EPROM 


DEBUG FIRMWARE 
LINKS TO PC 
FOR DEVELOPMENT 


BATTERY BACKED 
CLOCK-CALENDAR 


ALL CMOS 


INDUSTRIES 


190 South Whisman 
Mountain View, CA 94041-1577 
(415) 962-8237 
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WE'RE TAKING 
A POUNDING IN 
THE KEYBOARD 
BUSINESS. 


We planned it that way. In fact, we invested 
millions of dollars to make it happen. 
Millions of dollars to let us pound, 
push, tap, shove and otherwise automati- 
cally test our keyboards before we let 
them out the door. 
Every key. Every switch. Every time. 
And all this after we've already built 
them to the industry’s toughest standards 
on one of the industry’s largest, fully 
automated keyboard manufacturing lines. 
So whether the box you receive from 
us contains a compatible IBM PC/XT key- 
board, PC/AT keyboard, switchable PC/ 
XT-AT board, our new IBM RT 101 keyboard, 
or one we've customized especially for 
you, there’s one thing you can depend on. 
The keyboard in the box will work 


Visit us at WESCON—Moscone Booth 644-648 


the first time you take it out of the box. 
And continue working as smoothly as the 
day it was new, through over 50 million 
operations. 

And we back that promise with a full 
l-year warranty. 

If you'd like to see how reliable our key- 
boards really are, call us at (408) 727-1700 
for a complete list of local distributors and 
representatives. Or write Fujitsu Compo- 
nents of America, Inc., 3320 Scott Boule- 
vard, Santa Clara, California 95054-3197. 

Hit us with everything you've got. 

You'll find us hard to beat. 


= FUJITSU 
EN et 
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COMPONENT OF AMERICA. INC. 
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“Wake up” “/’m awake”’ 


“Go to GA, 35V” 
“Sorry, voltage out 


“Go to 20 Volts” “Can’t’ of my range” 


“Go to 16V, 3A” : “Why not?” “Overload” 
“Then go to 18 Volts” “Okay” 


“Close your 


“Wake up” |, @ 3 0 “a. : “Okay” 
“Can't. : : 

not plugged 

in right” 


“Send help, 
I’ve 
crowbarred 


IJ 


If the power supplies are Kepco ATE (unipolar) or BOP that it consists of components that were 
(bipolar) Power Managers" all you have to do is hook them designed for each other: Kepco Power 
up to our Interactive Digital Interface, TLD 488-16. Managers, for example, have the built-in 
Then not only will you (through your IEEE-488 bus) be Zeroing and calibration controls needed to work — 
able to tell them what voltage and/or current level to go to, with Kepco Digital Interfaces (not only the interactive 
but they’ll be able to tell you whether they’ve done it — and TLD 488-16, but also our talk-only SN Series). . 
if not why not. The Kepco Power Managers are linear power supplies 


designed for programming applications. They can scale a 
uniform 0 to +1V or 0 to + 10V analog control signal into 
any desired output up to 1000 Volts and 1000 Watts, in some 
hundred different Volt/Ampere combinations. 


What's more, the Power Managers add neither delay nor 
error to the commands you transmit, because they respond 
in microseconds with an accuracy of 0.001%. 


You will, in short, be getting the most precise, the most The Kepco Digital Interfaces were created to take full 
flexible control of power you can buy, because what you ll advantage of the Power Managers’ precision and speed of 
have working for you is a Kepco Power Management response. They translate 12-bit digital signals into the 
System.” Its precision and flexibility derive from the fact analog control signals the Power Managers understand. 


SEE US AT WESCON/87 KEPCO BOOTH 2418, 2420 
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WESCON/87 PRODUCTS 


EUROCARD 68000 Cs 


The Gescomp 8300-M has an 8-MHz 
68000 »P, 512k bytes of RAM, and 
two 1M-byte 3%-in. floppy-disk 
drives. Its big brother, the 8340-P/ 
HF, features a 16.7-MHz 68020 pP, 
a 68881 arithmetic coprocessor, a 
3%4-in. floppy-disk drive, and a 40M- 
byte hard disk. Both systems use 
the Eurocard board format and the 
G-64 bus. The typical system config- 
uration leaves eight backplane slots 
free for boards of your choice. You 
supply the operator interface, an 
alphanumeric terminal; you can also 
add graphics controller boards that 
permit 640x480- or 1024x1024- 


pixel displays employing 256 colors | 


from a palette of 262,144. 

The systems run under the OS-9 
operating system, which, with the 
appropriate library, can run pro- 
grams written in C and intended to 
run under Unix. OS-9’s memory re- 
quirements are low enough that you 
can put a version of it into ROM and 
thereby create a diskless system. 
The vendor’s proprietary LAN al- 
lows 50 systems to communicate 
over 3000 ft of coaxial cable at 800k 
bps. $3995. 

Gespac Inc, 50 W Hoover Ave, 
Mesa, AZ 85202. Phone (602) 962- 
5559. TLX 386575. Booth Nos 5607 
and 5609. 
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400-MHz SCOPE 

The PM 3296A provides a 900-psec 
rise time and a 4-div/nsec writing 
rate. You can position cursors to 
obtain an alphanumeric display of 
amplitude, time, frequency, and 
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ratio, and can also view scope set- 
tings. By using the trigger-level 
readout, you can set the scope to 
trigger only on events whose ampli- 
tude exceeds a predetermined limit. 
You can set sensitivity from 1 
mV/div to 5V/div and can choose 
between 1-MQ and 50Q input im- 
pedance. An autoset function picks 
the channel to be displayed, adjusts 
the vertical position, and sets the 
voltage range, Sweep speed, and 
trigger functions. The nonvolatile 
memory can store 75 front-panel 
settings. You can recall any setting 
by using an IR remote-control unit, 
or you can control the scope via the 
IEEE-488 bus. 400-MHz scope, 

$6000; 200-MHz version, $5000. 
John Fluke Mfg Co Inc, Box 
C9090, Everett, WA 98206. Phone 
(800) 426-0361; in WA, (206) 347- 
6100. TLX 185102. Booth No 2517. 
Circle No 655 


SEALED SWITCHES 
Because 578 Series switches are 
sealed, you can subject them to 
wave soldering and cleaning, thus 
avoiding the cost of a postwave 
hand-soldering operation. You can 
choose either wire-wrapping or 
wave-soldering terminal styles, and 
you can select either sustained- or 
momentary-contact spdt and dpdt 


versions, with or without support 


brackets for vertical or horizontal 
mounting. You can specify silver 
contacts for 120V ac or 28V de cir- 
cuits where you switch 1A currents, 
or gold contacts for lower-power ap- 
plications (0.4 VA max at 20V ac or 
de). $1.77 (1000). 

Dialight Corp, 1913 Atlantic 
Ave, Manasquan, NJ 08736. Phone 
(201) 223-9400. Booth Nos 1552, 
1554, 1556, and 1558. 

Circle No 656 


PC AND PS/2 CAD 


HiWire schematic-capture software 
lets you enter pc-board schematics 
on an IBM PS/2 or on a CGA- (color 
graphics adapter) or EKGA- (en- 
hanced graphics adapter) equipped 
IBM PC, PC/XT, PC/AT, or com- 
patible. When you're finished, you 
can use SmartWork layout software 
to place the components on the 
board. The layout software’s auto- 
router can route many of the con- 
ductors, and you can interactively 
route the remaining traces. While 
drawing schematics, you can move, 
rotate, mirror, copy, or delete ob- 
jects. You can create your own li- 
braries or select parts from TTL, 
CMOS, wP, memory, and discrete- 
component libraries. 

You can design single- and dou- 
ble-sided boards and add a silk- 
screen. You can choose 12-, 16-, or 
20-mil trace widths with 15-, 17-, or 
19-mil min spacing, or you can select 
wide conductors in multiples of 50 
mils. The programs are key-disk 
copy protected, but you can get 
backups that can be copied to load 
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WITH THE 
WI SERIES 
THERE IS 
NO EXCUSE 
NOT TO 
GIVE YOUR 
PRODUCTS 
THE WIDE 
INPUT 
ADVANTAGE 


ntroducing the new WI series 
(2. Switching power supplies from 
Converter Concepts. 

The WI 25, 40 and 60 watt AC 
power supplies automatically com- 
pensate for wide input voltage varia- 
tions of 90 to 250 VAC. They operate 
anywhere in the world WITHOUT 
SWITCHES, JUMPERS, TAPS OR 
OTHER MODIFICATIONS. 

And thanks to Converter Con- 
cepts’ automated manufacturing tech- 
niques, you can get this quality wide 
input power supply at a low cost. 

Other features include over 
voltage limit protection, single, dual, 
triple and quad outputs, and a low pro- 
file. Plus, the WI series power supplies 
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are designed to meet all 
international safety standards. 

Too good to believe? Well, 
believe it. The remarkable WI series is 
but one of our many powerful ideas 
that work. 

To find out more, contact the 
Converter Concepts’ representative 
nearest you. Or call us directly. That’s 
the best idea yet. 


40%, , CONVERTER 
\S“Ss-" CONCEPTS 2 


Industrial Parkway * Pardeeville, WI 53954 
(608) 429-2144 * TWX: 910-280-2630 
Toll-Free 800/253-5227 


See us at WESCON, Booth #s 1445 & 1447 


CALL YOUR NEAREST 


CONVERTER CONCEPTS 
REPRESENTATIVE: 

ALABAMA MONTANA 

Futron Inc. Converter Concepts Inc. 

(205) 830-0808 (800) 253-5227 

ARIZONA NEBRASKA 


Cantec Sales Inc. 

(602) 345-1276 
ARKANSAS 

Tesco 

(214) 681-1376 
CALIFORNIA 

(Northern and Central) 
Pacific Marketing Inc. 
(415) 887-1620 
(Southern) 

Converter Concepts Inc. 
(800) 253-5227 
COLORADO 

Dynatech Inc. 

(303) 773-2830 
CONNECTICUT 
Interstate Sales Associates 
(617) 256-2287 
DELAWARE 

Koebert Associates 
(215) 887-2310 
DISTRICT OF 
COLUMBIA 

Converter Concepts Inc. 
(800) 253-5227 
FLORIDA 

(Central) 

Perrott Associates Inc. 
(305) 298-7748 
(Western) 

Perrott Branch Office 
(813) 443-5214 
(Southern) 

Perrott Branch Office 
(305) 792-2211 
GEORGIA 

Futron Inc. 

(404) 263-9688 

IDAHO 

Dynatech Branch Office 
(801) 546-4837 
ILLINOIS 

Converter Concepts Inc. 
(800) 253-5227 
INDIANA 

(Central) 

JFCO, Inc. 

(513) 890-8322 
(Southern) 

JFCO, Inc. 

(317) 576-9363 
(Northern) 

JFCO, Inc. 

(800) 255-4431 

IOWA 

Microelectronic Sales 
(612) 829-0948 
KANSAS 

Converter Concepts Inc. 
(800) 253-5227 
KENTUCKY 

JFCO, Inc. 

(317) 576-9363 
LOUISIANA 

Tesco 

(214) 681-1376 

MAINE 

Interstate Sales Associates 
(617) 256-2287 
MARYLAND 

Koebert Associates Branch 
(304) 229-8401 
MASSACHUSETTS 
Interstate Sales Associates 
(617) 256-2287 
MICHIGAN 

JFCO, Inc. 

(800) 255-4431 
MINNESOTA 
Microelectronic Sales 
(612) 829-0948 
MISSISSIPPI 

Futron Inc. 

(205) 830-0808 
MISSOURI 

Converter Concepts Inc. 
(800) 253-5227 


Converter Concepts Inc. 
(800) 253-5227 
NEVADA 
(Northern) 
Pacific Marketing 

415) 887-1620 

antec Sales, Inc. 
(602) 345-1276 
NEW HAMPSHIRE 
Interstate Sales Associates 
(617) 256-2287 
NEW JERSEY 
Koebert Associates 
(215) 887-2310 
NEW MEXICO 
Cantec Sales Inc. 
(602) 345-1276 


NEW YORK 
(New York City, 
Long Island) 
Koebert Associates 
(215) 887-2310 
(Upstate New York) 
PI’Tronics Inc. 
(315) 455-7346 
NORTH CAROLINA 
Futron Inc. 
(919) 833-8755 
NORTH DAKOTA 
Microelectronic Sales 
(612) 829-0948 
OHIO 
JFCO, Inc. 
(216) 398-6300 
(513) 890-8322 
OKLAHOMA 
Tesco 
(918) 665-3939 
OREGON 
Northwest Component Sales 
(206) 828-4838 


PENNSYLVANIA 


(Eastern) 

Koebert Associates 
(215) 887-2310 
RHODE ISLAND 
Interstate Sales Associates 
(617) 256-2287 
SOUTH CAROLINA 
Futron Inc. 

(919) 833-8755 
SOUTH DAKOTA 
Microelectronic Sales 
(612) 829-0948 
TENNESSEE 

Futron Inc. 

(205) 830-0808 
TEXAS 

Tesco 

(713) 370-9332 

(512) 834-8374 

(214) 681-1376 

UTAH 

Dynatech Branch Office 
(801) 546-4837 
VERMONT 


Interstate Sales Associates. 


(617) 256-2287 


VIRGINIA 
Koebert Associates Branch 
(304) 229-8401 


WASHINGTON 
Northwest Component Sales 
(206) 828-483 


WEST VIRGINIA 

JFCO, Inc. 

(412) 823-5400 
WISCONSIN 

Converter Concepts Inc. 
(608) 429-2144 


WYOMING 
Dynatech 
(303) 773-2830 


INTERNATIONAL 
AUSTRALIA NETHERLANDS 
Powerbox Australia Modelec BV 
(02) 4764211 Tel: 08380 36262 
008-251380 NORWAY 

(Toll Free in Australia) Powerbox Norway A/S 
ENGLAND Tel: 472 535837 
oe & ce SWEDEN 

omponents Ltd. P AB 
Tel: 01 3975311 ee 
ISRAEL 52523 
Milchan Bros. Ltd. eeecuan 


Tel: 9723 728158 
ITALY 

Elcam S.R.L. 
Tel: 02 2366 641 


Tel: (0711) 2261150 
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onto your hard disk. HiWire and 
SmartWork, $895 each. 

Wintek Corp, 1801 South St, La- 
fayette, IN 47904. Phone (800) 742- 
6809; in IN, (317) 742-8428. TLX 
709079. Booth No 2044. 

Circle No 657 


ANTIALIAS FILTERS 


SE Series filters come in two case 
sizes—0.4X0.6X1.2 in. and 
1.2X1.2x0.5 in. You can specify 
lowpass cutoff frequencies from 10 
kHz to 20 MHz. The filters provide a 
dynamic range of at least 80 dB. A 
0.4xX0.6X1.2-in. unit that has a 
20-kHz cutoff frequency and intro- 
duces 60-dB attenuation at 27 kHz 
(attenuation vs frequency is >120 
dB/octave at 1.35 cutoff frequency) 
costs $130. 

TTE Inc, 2233 S Barry Ave, West 
Los Angeles, CA 90064. Phone 
(213) 478-8224. Booth No 4600. 

Circle No 659 


PC-MOUNT RELAYS 


- You can solder the OZF Series relay 
to your pe board where it occupies 
0.496 X 1.14 in. and picks up the coil- 


drive signal. On the opposite sur- 
face of the relay’s 0.799-in.-high 
package, you'll find standard 0.187- 
in. quick-connect terminals tied to 
the silver cadmium oxide spst con- 
tacts. This arrangement facilitates 
field wiring in automotive, appli- 
ance, and process-control applica- 
tions. The relay can switch 20A at 
120V ac or 28V de, and it can handle 
a Y-hp load. 

When employed to switch the full 
rated load, the relay has a 100,000- 
operation life expectancy; when 
used for light-duty switching, it has 
a 5,000,000-operation life expectan- 
cy. The device is insulated to with- 
stand 5 kV ac between coil and 
contacts; it can survive 10-kV 
surges. You can specify standard or 
high sensitivity at coil ratings of 3 to 
A48V de. Delivery, eight to 12 weeks 
ARO. $2.15 (1000). 

Original Electric Manufactur- 
ing Co Inc, 123B Lincoln Blvd, 
Middlesex, NJ 08846. Phone (201) 
271-5770. Booth No 5613. 

Circle No 658 


INLETS 


TRON primary power inlets let you 
combine in one unit the functions of 
several ac-power-control compo- 
nents, including an ac-input connec- 
tor, a line-voltage-selector switch, 
one or two fuse holders, and a power 
on/off switch. You can choose solder- 
able or 0.187-in. quick-connect ter- 
minals and snap-in or flange-mount 
units. The units meet CEE-22 re- 
quirements and have the approval of 
various North American and Euro- 
pean regulatory agencies. 

After installing an inlet in your 
product, you can choose between 
0.25x1.25-in. (North American 
standard) or 5X20-mm (European 
standard) fuses; just before ship- 
ping your product, you can insert 
fuses and acord set, and set the line 
voltage so as to conform to the re- 
quirements of the country of desti- 
nation. For a snap-in-mount inlet 
with quick-connect terminals, a 
dual-line-voltage selector, and a sin- 
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The all new 

SMS™ (surface 
mount sensor) series 
thermistors offer fast 
response, high inter- 
changeability and 
long term stability, 
making them ideal for 
both temperature 
sensing and compen- 
sation. Hermetic 
design makes the 
SMS™ series more 
durable and resistant 
to cleaning materials. 
The availability of a 
wide range of 
resistance values and 
slopes allows more 
flexibility in designing 
with surface 
mount applli- 
cations. 


Shown 
actual 
.  g§ize 


Phone or 
write for your 
free design data. 


(HOMPONENTS 


P.O. Box 787 

1984 Port City Boulevard 
Muskegon, MI 49443 
(616) 777-2602 

TWX: 510-394-4130 


CIRCLE NO 18 
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gle fuse holder, $5.46 (1000). 
Cooper Industries, Bussmann 
Div, Box 14460, St Louis, MO 
63178. Phone (314) 394-2877. Booth 
Nos 1637, 1639, 1641, and 1643. 
Circle No 660 


CONNECTORS 


High Density Plus Two connectors, 
for mating pe boards with back- 
planes, add two rows of ground con- 
tacts to the four rows of signal con- 
nections offered in the vendor’s 
earlier High Density Plus line. Be- 
cause a ground line usually accom- 
panies a high-speed signal, the new 
connectors enable the use of many 
more of their contacts for signals. 
The insulator’s modular design lets 
you place many connectors end to 
end along the length of your boards. 
You can place other members of this 
product family on your card edge to 
bring high-current power-supply 
buses onto your board and to pro- 
vide polarization and guidance. 
$0.20 to $0.26 per mated pair. Deliv- 

ery, eight to 12 weeks ARO. 
Teradyne Connection Systems 
Inc, 44 Simon St, Nashua, NH 
03060. Phone (603) 889-5156. TWX 

710-228-1431. Booth No 5722. 
Circle No 662 


ATE PIN DRIVER 


In response to a TTL or CMOS 
signal, the PT-401’s output switches 
between high and low levels that 
you've set with external DACs. If 
your drive is produced by ECL, you 
must supply a logic-level shifter. 
You can switch the output level from 


—5 to +10V or make it assume a 
high-impedance state. Operating 
with a 38V swing and a 500 load, the 
device can switch at 200-MHz max 
and can achieve rise and fall times of 
1.35 nsec. The vendor also specifies 
the device to handle high-impedance 
loads. The device’s 11-pin SIP mea- 
sures 1.2X0.55x0.12 in. 

You can mount the unit’s compan- 
ion module, the PT-412 buffer, be- 
side or in line with it. The buffer 
obtains power from loosely regu- 
lated supplies. It buffers the two 
DAC outputs and provides the regu- 
lated +5V needed by the PT-401. To 
null the offsets that the buffer can 
add to the DAC levels, you connect 
external resistors to the provided 
terminals. PT-401, $208; PT-412, 
$25. Delivery, eight weeks ARO. 

Pulse Instruments, 1234 Fran- 
cisco St, Torrance, CA 90502. 
Phone (213) 515-5330. Booth No 
2629. 


Circle No 661 


PGA SOCKETS 


P Series sockets are molded from 
glass-filled polyester that has a 
94V-0 UL flammability rating. Grid 
sizes range from 7X7 to 18X18 con- 
tacts. A 4-finger contact provides an 
average mating force of 2.3 oz/pin. 
The vendor also supplies PGA sock- 
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HIGH VOLTAEGE MG — i x——— Pigg ee 


A COMMITMENT 
TO “NO PROBLEM” 
POWER. 


Over seven years of growth with a 
commitment to “problem free” design and 
manufacturing has brought Wasatch to 
the forefront of High Voltage Power. Today 
we are one of the largest suppliers of CRT 
power supplies. In fact, it's very difficult to 
find a company that's more capable of 
modifying or customizing power supplies 
to fit your specific application, deliver units 
at low cost, and provide “just-in-time” 
deliveries. 


High Voltage Power, No Probiem... 
it's the reason why Wasatch is the right 
choice for your high voltage needs. 


Wasatch Engineers _ 
develop custom solutions 
on a regular basis. 


bie tg 
Cpertio VS 4 Rey 
SA heticay 


WASATCH 


High Voltage Inc. 

4100 South West Temple 
PO. 15457 

Salt Lake City, Utah 84115 
1-801-265-9561 


CIRCLE NO 239 


mH 
NOW! 


L] Twenty-nine FCT bus interface parts 
available in quantity today. 
L} Mil-spec parts also available now. 
LJ Second-sourced by IDT. 
C1 CMOS replacement for FAST™ and 
Am298XX™ 
LJ Cerdip, LCC, PDIP & SOIC packages. 
VTC’s Advanced CMOS Logic (ACL) 
family also includes AC and ACT.... 
129 parts total. 
VTC Incorporated, 2401 East 86th 
Street, Bloomington, MN 55420. Telex 
857113. 


Available FCT Parts Include: 

240 573 824A 843A 846A 863A 
244 574 825A 844A 861A 864A 
245 640 826A 845A 862A 

373 645 827A 
374 821A 828A 
033 822A B41A 4 
534 823A 842A 


CALL 1-800 
v1c-CM0S 
TO ORDER! 


‘a. Ss 


vTc Incorporated 


Performance, Pure & Simple 


FAST is a trademark of Fairchild Semiconductor Corp. 


CIRCLE NO 19 
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ets that have glass-epoxy insulators. 
A molded socket with 68 solder-tail 
contacts and gold-over-tin plating, 
$3.25 (100). 

Electronic Molding Corp, 96 Mill 
St, Woonsocket, RI 02895. Phone 
(401) 769-3800. TWX 710-387-1350. 
Booth Nos 1223 and 1225. 


Circle No 663 


WIRE STRIPPER 


The Toggle coaxial cable stripper 
employs a toggling blade system to 
remove braid and dielectric quickly, 
accurately, and repeatedly. The 3- 
in.-long, 1.25-oz tool can handle 1-, 
2-, and 3-level stripping. It’s avail- 
able in six sizes that handle RG58, 
RG59, RA62AU, RG6, 8281, and 
RG8/11 video cable. The vendor will 
build custom units for other cable 
types. $24.95. 

Paladin Corp, 3543 Old Conejo 
Rd #102, Newbury Park, CA 91320. 
Phone (805) 499-0318. TWX 910- 
494-2799. Booth Nos 2304 and 2306. 

Circle No 664 


MIXED CONNECTOR 


This cylindrical connector mixes flu- 
id/pneumatic, high-voltage, stand- 
ard, and coaxial contacts. The unit 
has four 500 coaxial contacts, two 


5-kV_ working-voltage contacts 
rated to carry 4A each, eight 
22-AWG standard contacts, and four 
145-psi fluid/pneumatic contacts, 
three of which have a 1.3-mm ID 
and one of which has a 1.6-mm ID. 
The unit has an ASTM C385 brass 
shell and Peek dielectric, and is 
guaranteed to survive 5000 mate/ 
unmate cycles. $266.24 (500). Deliv- 
ery, 20 weeks ARO. 

Lemo USA Inc, Box 11488, Santa 
Rosa, CA 95406. Phone (707) 578- 
8811. TLX 340933. Booth Nos 1621 
and 1623. 

Circle No 665 


MEMBRANE PANELS 


You can have this line of touch- 
sensitive panels made to your speci- 
fications, with single or multiple 
switches in sizes from 1 in’ to 5 ft?. 
The vendor prints overlays using 
close-tolerance — silk-screen or 
photoresist/etching processes. You 
can specify the actuation force and 
can purchase embossed, shielded, or 
backlit panels, as well as units with 
LED indicators. A unit with 50 tac- 
tile-feedback keys, five colors, a nu- 
meric-display window, an alumi- 
nized Mylar EMI shield, a metal 
backplate, and a connector at the 
end of a 6-in. tail, $30 (1000). Deliv- 
ery, eight to 10 weeks ARO. 

The Hall Co, 420 E Water St, 
Urbana, OH 43078. Phone (513) 
652-1376. Booth No 5604. 

Circle No 667 


TOUCHSCREENS 

You can mount Cyclops ES Series 
touchscreens over your display, or 
you can purchase them preattached 
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Quality & Price You Can Ban 


Main Products 


1. CONNECTORS 
2. CABLE ASSEMBLIES 

3. DATA SWITCHING BOXES 
4. PRINTER BUFFERS 

5. PATCH PANELS 

6. BALUNS 


7. COMPUTER & TELECOMMUNICATION 
ACCESSORIES 


JI-HAW INDUSTRIAL CO., LTD. 


BORLINTEK COMPONENTS LTD. 
P. O. Box 3-17 Mucha, Taipei, Taiwan, R.O.C. 


il i Po [/aN 3/F, No. 2, Lane, 23, Pao Hsin Rd., Hsin Tien City, Taipei, Taiwan, R.O.C. CIRCLE NO 236 
Tel: (02) 918-9189 TIx: 34109 JHAW Fax: 886-2-918-9188 


OWPH Sourcing Connectors & 
Chip Sockets? 


Ours are the 
Finest! 


We offer a wide range of computer con- 
nectors and cables. From molding, plastic 
injection through assembly to finished 
products, all items are produced in-house, 
using an integrated operation system. In 
addition, we are a specialist manufacturer 
producing plastic injection molds which 
are suitable for parts and accessories of 
electronics. Customers’ designs and spec- 
ifications are most welcome. Contact us 
today for full details. 


Distributor & 


Manufacturer & Exporter — OEM Wanted. 
OU PIIN ENTERPRISE CO., LTD. | 


No. 80, Lane 210, Ting Kan St., Sanchung, Taipei Hsien, Taiwan, R.O.C. 
Tel: (02) 9822315—7 Telex: 33429 OUPIIN Fax: 886-2-9852561 


| 
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PICO 


Wide Input Range 
5to 60V DC 


Regulated 
10 Watt to 20 Watt 


e 160 Standard Models 
e Single and Dual Output 


® Temperature Range 
—25°C to + 70°C with 
No Heat Sink or 
Electrical Derating 


e All Units Shielded 


e 500V DC Isolation 
Input to Output 


OPTIONS AVAILABLE 
© Expanded operating temp (—55°C to +85°C) 
® Stabilization Bake (125°C ambient) 
© Temperature Cycle (—55°C to +125°C) 
© Hi Temp, full power burn in 
(100% power, 125°C case temp) 


Delivery— 
Stock to 
one week 


& 
Electronics, Inc. 
453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 
Call Toll Free 800-431-1064 

INNEW YORK CALL 914-699-5514 


PICO also manufactures over 500 
standard DC-DC Converters and over 
2500 Miniature Transformers 
and inductors. 


168 CIRCLE NO 20 
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to 640x200-pixel twisted-nematic 
LCD, electroluminescent, or plasma 
panels. They use one LED and one 
CCD sensor to cover a 4X9-in. area; 
they have a response-time of 50 
msec and resolution to 10070. The 
touchscreen frame protrudes ap- 
proximately 0.75 in. from the dis- 
play screen. The LED, detector, 
and associated electronics draw 
<0.5W from 12 and 5V dc supplies; 
for battery-powered applications, 
the vendor supplies a unit with 
lower standby power. 

The units operate from 0 to 50°C. 
You can specify serial-TTL or RS- 
232C interfaces, and you can select 
data rates of 1200, 4800, 9600, and 
19,200 bps. Six software routines 
facilitate setup, calibration, and op- 
eration. $115 (5000). Delivery, six to 
eight weeks ARO. 

Wells-Gardner Electronics Corp, 
2701 N Kildare Ave, Chicago, IL 
60639. Phone (312) 252-8220. TLX 
253286. Booth No 812. 

Circle No 666 


PROTOTYPING PANELS 


Protoboard Series prototyping pan- 
els offer closely controlled charac- 
teristic impedance, thereby opti- 
mizing the high-frequency 
performance of your circuits. If you 
provide an X-Y coordinate net list 
with your order, the vendor will 
ship you a 100% electrically tested 
wired board within 10 days ARO. If 
you supply wiring data as a sche- 
matic or as a symbolic net list, deliv- 
ery takes longer. 

The vendor’s Multiwire process 


uses 4-mil-diameter (38-AWG) wire 
to fabricate the boards. You can 
mount them in your card cage on the 
same centers as etched circuit 
boards; they have no surface wires 
to obstruct component access. To 
achieve the 10-day turnaround, you 
must use one of the vendor’s six 
pretooled board formats, which in- 
clude five Mupac types and a Multi- 
bus I compatible. $485 to $1700. 
Multiwire/East, 250 Miller Pl, 
Hicksville, NY 11801. Phone (516) 
933-8300. Booth No 2059. 
Circle No 668 


DC/DC CONVERTERS 


The SQC125 de/de converter deliv- 
ers 125W from a 2.5X5xX10.5-in. 
package, and the SQC180 delivers 
180W from a 2.5X5xX18.5-in. pack- 
age. You can allow the input to vary 
from 42 to 60V dc—the range you 
need to drive the supply from a 
48V-nominal bank of lead acid cells. 
You specify triple or quadruple out- 
puts at either power rating. In the 
125W unit, the main output pro- 
duces 5V at 204A; in the 180W unit, 
the main output (5V) supplies 35A. 
The secondary outputs source 5A at 
12, 15, or 24V, depending on your 
specification. 

Built-in protection prevents short 
circuits from damaging individual 
outputs; overvoltage protection 
safeguards the load if the supply 
malfunctions. Though both devices 
can deliver rated output power con- 
tinuously at an ambient tempera- 
ture of 50°C and can supply 50% of 
their rated power at 70°C, don’t try 


EDN November 12, 1987 


169 


(Short) 
25) 


f 


les 
15 


e 


2 


SUB FLAT CABLE TYPE 
tf 
ines 


3017 Ser 
3017 (9 


D 


(02) 9953505 (5 | 


Y 
QO 
shoo 
oa 
© 
Y) 
OC 
zi 


Tel: 


Fax: 886-2-9953167 


CIRCLE NO 234 


CIRCLE NO 233 


37) 


les 
15, 25 


/ 


D-SUB FLAT CABLE TYPE 


3007 Ser 
3007 (9 


Y 
© 
= 4 
~ 
c 
@ 
z 
id 
- 
-_ 
rN) 
2 
© 
-_ 
Ly 
CN 
od 
Ke 
on 
eT 
bad 
‘° 
=) 
2° 
a. 


Tix: 33493 HOCHIEH 


50) 


Connectors 


4 


Iwan 


ur 
Ta 


4mm) 


e 


mn 
(So) 
¢ 
© 
WF 
by 
CTC 
oe 
E>} 
re 
og) 
¢ 
Co 
= | 
4 
be? 
Bcd 
Uv 
Y 
4) 
ay 
AN 
Cat} 
Ss) 
a 
al 
& 
oO 
3 
Zz 
re 
= 
0 


(Long) 
HO CHIEN ENTERPRISE CO., 


C. 
ies 


° 
¢ 


3006 (9, 15, 25, 37, 


3006 Ser 
Machined pin 


D-SUB P 
CONNECTOR 


Yo 


EDN November 12, 1987 


ms. 

[wr 
Metallized 

Polypropylene Film 


Capacitors 


Proven Reliability 

... 100% Burn-in Tested 
e 01 Mfd. to 2.2 Mfd. 

¢ 250 WVDC to 630 WVDC 

e +10% Std. (+5% Opt.) 

e —59°C to + 100°C 

e Self Healing, Extended Foil 
e Low ESR, Low ESL 

e Available on Lead Tape 


a. 


Jo" TECH Tips 
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IC ’s Metallized Polypropylene Type 
MPR capacitor offers high capacitance 
Stability over a broad temperature 

and frequency range. Low ESR is very 
effective in switching power supplies 
and AC circuits (line voltage and 
motor phase shift control). Type MPR 
is non-inductively wound; the low ESL 
is excellent for high frequency 
operation. Low dielectric absorption 
makes type MPR ideal for digital 
applications. Tinned copper leads are 
electron welded to spray metallized 
end terminations for carrying high 
dV/at currents yet withstand high 
levels of shock and vibration. The 
epoxy dip construction provides an 
environmental barrier. The self-healing 
properties and the long shelf life add 
to type MPR’s characteristics making 
it the ideal choice for filters, digital 
circuits, telecommunications, switching 
power supplies, thyristor and snubber 
circuits. Type MPW is electrically 
identical and is available in axial 

lead construction. 


©1987 ILLINOIS CAPACITOR, INC. 


The source for Quality. 
Performance and Delivery. 


__® 


ILLINOIS CAPACITOR, INC. 


3757 West Touhy Avenue 
_ Lincolnwood, Illinois 60645 


(312) 675-1760 
WESCON Booth #818 
CIRCLE NO 21 
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to draw maximum current from all 
outputs at once; that would exceed 
the overall power ratings. Both de- 
vices have line filtering to minimize 
the ripple current your primary dc 
source must furnish; shielded power 
transformers minimize the injection 
of switching spikes into your load. 
SQC125, $180; SQC180, $231 (100). 
Delivery, three to six weeks ARO. 
Switching Systems Internation- 
al, Box 1599, Placentia, CA 92670. 
Phone (714) 966-0909. Booth Nos 
455 and 457. 
Circle No 669 


AC/DC SWITCHERS 


The EM160, EM200, and EM350 
open-frame switching supplies pro- 
duce continuous outputs of 130, 200, 
and 300W and transient-peak out- 
puts of 160, 250, and 350W, respec- 
tively. The multiple-output units 
are designed to meet international 
safety specs and are currently un- 
dergoing certification testing. $1/W 
(OEM qty). Delivery, stock to 10 
weeks ARO. 

Elpac Power Systems, 3131 S 
Standard Ave, Santa Ana, CA 
92705. Phone (714) 979-4440. Booth 
No 928. 

Circle No 670 


VF TOUCHSCREEN 


The 4283-01 PEP (peripheral entry 
panel) combines a 6-line x 40-charac- 
ter vacuum-fluorescent (VF) display 
with an IR touchscreen. You can set 
up as many as 969 separate touch- 
sensitive areas on the panel. Al- 
though the touchscreen uses infra- 
red sensors, it won’t trigger on 
ambient light or even direct sun- 


light. Its touch-sensitive areas ex- 
tend beyond the display’s periph- 
ery, so you can set up additional 
fixed-function switch locations out- 
side the display and designate them 
with legends, which the vendor will 
silk-secreen onto the touchscreen 
frame as an option. 

The touchscreen’s VF display has 
5-mm-high characters; under soft- 
ware control, its brightness can be 
set at three levels to 185 fL max. 
The unit includes 8k bytes of bat- 
tery-backed CMOS RAM, which 
you can use to store as many as 127 
“canned” messages. The device op- 
erates from a 5V supply. The on- 
board wP controls all functions, in- 
cluding built-in diagnostics and 
host-computer communications, via 
a port that you can configure for 
RS-232C or RS-422 interfaces. $800 
(100). 

IEE Inc, 7740 Lemona Ave, Van 
Nuys, CA 91409. Phone (818) 787- 
0311. TLX 4720556. Booth Nos 
1230, 1232, and 1234. 

Circle No 671 


OPTOISOLATORS 


The MOC3081 Series optoisolators 
combine a GaAs LED with a mono- 
lithic circuit that integrates a photo- 
detector, a line-voltage zero-cross- 
ing detector, and a triac driver 
capable of holding off 800V and 
guaranteed not to trigger with a 
600V/psec dV/dt (1500V/psec typ). 
The devices’ 6-pin miniature DIPs 
can withstand over 7500V between 
input and output. Their 800V triac 
drivers can tolerate over 100V more 
than the p-p voltage on a 240V.ac 
line. You can choose among devices 
with 5-, 10-, or 15-mA trigger cur- 


rents at a 100-psec trigger-pulse 
Text continued on pg 177 
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UNEMACY CONNECTORS: 
CONNECTS YOUR BUSINESS 


Manufacturer & Exporter 
1. “‘D’ subminiature connectors 
(solder, crimp, PCB type) 


Centronic connector 


IEEE-488 GPIB cable 
& connectors 
Card edge connectors 


IDC socket dual row 
connectors 


Pin header 


(single/dual row) 
7. Slot edge connectors 


8. Ribbon cable connectors 
9. Cable assembly 
10. 9.5mm, 2.54mm, 3.96mm 
wafer/housing + wire assembly. 


UNEMAC PRODUCTS INC. 
7F-3, No. 33, Roosvelt Rd., Sec. 2 Tel: (02)3513131, 3966735 (5 lines) 


Taipei, Taiwan, R.O.C. P.O. Box :91-180 Fax: 886-2-3963865 Telex: 20423 UPIHNTRN 
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A Designer’s Guide to: 


CMOS ICs 


As featured in EDN Magazine 


Mail coupon to: CMOS IC reprints — EDN Magazine hae 
Cahners Building EME 
275 Washington Street 
Newton, MA 02158-1630 TITLE 

Please send copies of A Designer’s Guide to 


CMOS ICs (92 pages) COMPANY 
L] $6.95 UPS (1 $10.95 non USA @ANK DRAFT ONLY) 

Check or money order made out to EDN REPRINTS = apprgss 

must accompany each order. No COD. Mass. 


residents add 5% sales tax. CITY STATE ZIP 
Please print clearly. This is your mailing label. 
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Mercury Coprocessor 
Sets Host Free 


Applications Run 
Up To 20 Times erieheaeieieearanebestecii 


intensive calculations. Mercury Computer Systems, INc., 
innovator in coprocessor technology, has done it again. This time 
as er either the AT bus or VMEbus that frees your 68020 or 80X86 host from 
performing high-speed number-crunching. 
Now your host can handle 
jobs it is best suited for — multi- 
tasking, O/S calls or graphics 
display, while the MC simulta- 
neously performs vector and 
AY UC. | scalar operations. 
ee ae \ 3 With Mercury's perfor- 
Me mance-oriented MC archi- 
tecture, and efficient, 
easy-to-use development 
environment, you can port 
your existing code and con- 
tinue developing on the MC in C, 
FORTRAN or MC’s assembly language. 
Go from idea to application — and off to market 
— at the speed of light. 
So whether you're designing a new application for 
¢ Signal processing * Simulations * Solids Modeling 
¢ 3D graphics « Finite Element Analysis ae 
the MC can help you accelerate your application faster 
than you thought possible. All at a price/performance 
ratio that’s the best in the industry. Mercury’s MC line 
runs on the IBM PC/AT and compatibles, SUN-3 work- 
Stations and Apollo Computer's Series 3000/4000, to 
name a few. 

So free your host from the burden of handling those 
numerous compute-intensive calculations. Find out justhow ‘aaa 
easy it is to put a Mercury MC in your personal computer or _———— 
workstation. Call the Mercury sales office nearest you. 


(MERCURY 


ISRAEL ENGLAND Our speed ISnon ryth! 
Eastronics, Ltd. (Multibus) Arrow Computer Systems Limited 
TLX: 922 342610 TLX: 851 262469 
Tele: 011 9723 475151 Tele: 011 443727 42557 
FAX: 011 9723 475125 FAX: 011 443727 20719 
SWITZERLAND 
Systronics, Ltd. (Q-bus, VME) Paracom Associates Relais Rohr Electronic Systems ITALY FRANCE 
TLX: 922 33638 TLX: 851 858699 TLX: 845 58587 ADC Sistemi Leris 
Tele: 011 9723 472040 Tele: 011 449323 55172 Or3 Or4 Tele: 011 411 8101067 TLX: 843 313460 TLX: 603630F LERSOFT 
FAX: 011 9723 475125 FAX: 011 444862 28303 FAX: 011 411 8100491 Tele: 011 392 487930 _— Tele: 011 3369 090663 


MC and MC3200 are registered trademarks of Mercury Computer Systems, Inc. The companies mentioned herein own numerous trademarks. Copyright 1987 Mercury Computer Systems, Inc. 
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HYBRID VIGOR 


Fujitsu combines sophisticated hybrid IC technologies 
with automotive electronics. 


Automotive 
design engineers 
have two problems to 
tackle — the need for improved 
energy efficiency and the demand 
for increasingly sophisticated automotive 
functions and performance. The Solution? 
Car electronics — more specifically, hybrid ICs. 


Using hybrid ICs cuts costs, increases mounting 
density and ensures high reliability. 

Fujitsu's hybrid ICs are built with advanced proprietary 
technologies with virtually unlimited potential. 


Fujitsu — A world leader in hybrid IC technologies 


Consider what Fujitsu 
hybrid ICs have to offer — 
High-integration technologies: 


Low-profile hybrid IC technology: 
packs circuits and components 

on both sides of the substrate 

for maximum density with a low profile. 


LSI hybrid IC technology: Low-profile technology LSI technology 
based on the integration of multilayer wiring and fine-pattern forming technologies. 


Fujitsu's component packaging technology ensures exceptionally high car performance since 
every hybrid IC is manufactured to withstand harsh environments. 

In addition, every hybrid IC is thoroughly tested using our “Quality and Reliability System’, 

a comprehensive series of checks made from the design stage to mass production. 


Not only is Fujitsu's hybrid vigor ideal for car electronics, but also a number of other applications 
including office automation and telecommunications systems. This translates into custom 
design capabilities to meet the needs of a wide range of users. 


FUJITSU MIKROELEKTRONIK GmbH: 

Arabella Center 9. OG./A, Lyoner StraBe 44-48, D-6000 Frankfurt am Main 71,F.R. Germany Phone: 069-66320 Telex: 0411963 Fax: 069-6632122 
FUJITSU COMPONENT OF AMERICA. INC.: 

3320 Scott Bivd., Santa Clara, California 95054-3197, U.S.A. Phone: 408-562-1000 Telex: 910-338-0190 Fax: 408-727-0355 

FUJITSU LIMITED (Electronic Components International Marketing Div.): 

Furukawa Sogo Bidg,, 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan Phone: National (03) 216-3211 International (int'l Prefix) 81-3-216-3211 
Telex: 2224361 Fax: (03) 216-9771 
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SEEQ EEPROMS IN AVIONICS. 


Change Flight Plans On The Fly. 


In the high-flying world of avionics, things change fast. 
Things like flight plans, comm data, sensor information and 
other parameterized memory contents. They change so 
fast — in fact — that, until now, EEPROMs haven't been able 
to keep up. 

Now SEEQ offers superfast E’s that are right on target 
for avionics control-store applications — or any system where 
high-performance graphics, array processing or DSP are 
essential. With access times as low as 35 ns, SEEQ’s CMOS 
E’s deliver performance that’s unmatched by other EEPROMs. 

That means now you're no longer up in the air for fast, 
non-volatile memory solutions. Among your current options, 
bipolar PROMs give you speed, but they're gas-guzzlers when 
it comes to power. And a little hard to re-program when your 
product’s not in the shop. By comparison, SEEQ 16K and 32K 
E’s offer equivalent speeds, but consume less than halfthe 
power. So they can run with no-wait- state micro- 
processors — without running up your costs for 
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a 

7 7 
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power supplies and cooling equipment. =.” 


itatnnstens 


Your other alternative — slower E’s with battery-backed 
static RAMs — usually can’t keep up the pace in high-performance 
systems. And they complicate your design, because you need 
to constantly load and unload RAM for program execution. 
Again, SEEQ E’s resolve these speed/power dilemmas, while 
simplifying your designs. Plus their read/write cycles look 
just like a SRAM’s, so they’re easy to incorporate into your 
existing systems. 

All of which makes SEEQ E?s the only way to fly. 

At SEEQ, we can help you with virtually any non-volatile 
memory application — from high-density E’s to micro- 
computers with E? on board. For information on the uses 
of our high-speed commercial or military E’s, call us today 
for our Application Note #27. SEEQ Technology, Inc., 

1849 Fortune Drive, San Jose, CA 95131. (408) 432-9550. 


SeeQ 


E2 IS OUR MIDDLE NAME. 
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width. With 15-mA trigger current, 
$1.54 (1000). Samples available from 
stock. Delivery of production quan- 
tities, stock to eight weeks ARO. 
Motorola Inc, Semiconductor 
Products Sector, Box 52073, Phoe- 
nix, AZ 85072. Phone (602) 244- 
3818. Booth No 652. 
Circle No 672 


CONTROLLER 


If you design control systems, the 
CDI-Ladder lets you employ an 
STD Bus-based approach to build- 
ing your hardware without forcing 
you to learn an unfamiliar program- 
ming language. Using a standard 
relay-logic language, you can devel- 
op programs for the Z80-based proc- 
ess controller on an IBM PC or 
compatible. The hardware includes 
a 6-slot card cage that houses the 
CPU board and an integral power 
supply. In the remaining slots, you 
can add DACs, an ADC, and the 
vendor’s math coprocessor and ana- 
log and digital I/O cards. When 
you've filled the first cage, you can 
add 2- to 24-slot cages housing addi- 
tional cards until you’ve expanded 
your system to 416 analog and 1152 
digital I/O points. A fully loaded 
system handles 40 PID (proportion- 
al-integral-differential) loops and 32 
stepper drums. $1195. 

Computer Dynamics, 107 S Main 
St, Greer, SC 29651. Phone (803) 
877-8700. Booth No 5708. 

Circle No 673 


MACINTOSH CAD 


If you have a 512k-byte Apple Mac- 
intosh or a Macintosh II, you can 
use Professional System software to 
capture pc-board schematics, place 
components, and automatically 
route many of the traces. The pro- 
gram handles boards as large as 
32X32 in. with surface or through- 
hole-mounted components and as 
many as 16 layers. It even simulates 
the operation of your circuit and 
displays the results in a screen win- 
dow. You use a command file to 
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THE 60A IS 
MORE THAN A LOGIC 


PROGRAMMER. 


NEW. ABEL Design Soft- 
ware supports all of the 
latest PLDs. 

devices. 


At $2495* the 60A Logic Program- 
mer is a very affordable way to get 
into logic. This high-quality program- 
mer supports nearly 300 of the most 
popular PLDs. And its flexible archi- 
tecture lets you buy only what you 
need today and upgrade tomorrow. 

Now the 60A is more than a dedi- 
cated logic programmer. With support 
for 120 popular EPROMs, it is the 
most versatile programmer in its price 
range. To switch from PLDs to 
EPROMs, simply change adapters. 

With the 60A, your PC, and 
Data |/O's family of compatible soft- 
ware tools, you can build a complete 


*U.S. price list only. 


NEW. The 60A is also an 
EPROM programmer with 
support for 120 memory PLDs. 


NEW. The 60A now supports 
nearly 300 of the most popular 


logic development system right at 
your desk. ABEL™ the industry- 
Standard logic design software, lets 
you describe your circuits using any 
combination of boolean equations, 
truth tables, or state diagrams. Then 
add PROMlink™ interface and file 
management software, to control 
programming from your PC. 

For just $2495, the 60A gives you 
logic programming and a lot more. 


1-800-247-5700 
Dept. 552 


DATA I/O 


DID YOU KNOW? 


EDN is distributed 


at every major 
electronics/computer show in the 
U.S., France, and Germany. 


EDIN 


MODUTEC’S 
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specify routing parameters. 

When determining where to place 
a trace, the router will compare the 
relative cost of using buried vias as 
opposed to thinner traces or smaller 
spacing between traces. The pro- 
gram can drive pen plotters, laser 
printers, and dot-matrix printers. 
It can produce files that drive a 
Gerber plotter. If you are laying out 
double-sided boards, you can send 
your output files to the program’s 
vendor, who will ship you proto- 
types in three days; if you are de- 
signing multilayer boards, the ven- 
dor can generate photoplots from 
your files. Professional Layout, 
$1500; Schematic Capture and Aut- 
orouter, $700 each. 

Douglas Electronics, 718 Marina 
Blvd, San Leandro, CA 94577. 
Phone (415) 483-8770. Booth Nos 
911 and 913. 
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BAR-CODE DECODER 


The LTS-4 bar-code decoder chip set 
simplifies the task of designing bar- 
code-reading capabilities into your 
product. It consists of a processor 
and a PROM. You can connect any of 
10 input devices to the pro- 
cessor—five lasers, three contact 
sensors, a machine-mounted slot 
reader, and a machine-mounted 
noncontact sensor. The set’s soft- 
ware handles nine symbologies, so 
you can make your product meet the 
requirements of several customers 
without modifying the hardware. 
Its minimum laser-scan time of a 
bar-code element is 22 sec; when 
used for hand scanning of high-den- 
sity codes, it can operate at 2 to 50 
ips. You can choose surface-mount 
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TWO 
INDUSTRY STANDARDS FOR 


For a limited time only, you'll save 
$500 on Data |/O®’s 60A Logic Pro- 
grammer and ABEL™ logic design 
software* when you purchase them 
as asystem. 

Together, these high performance 
tools give you all the support you'll 
need to design and program today’s 
most popular PLDs. ABEL lets you 
describe your circuits using any com- 
bination of boolean equations, truth 
tables or state diagrams. And the 
60A, with its flexible architecture, 
accommodates your changing device 
needs. It’s the most versatile pro- 
grammer in its price range. 


* MS/DOS version only. 


LOGIC DEVELOPMENT: 


LOW PRICE: $3495 


Data I/O is your single source for 
logic development. More engineers 
turn to us for logic design tools 
because we provide the total solution. 
And now, with this special offer for a 
complete logic development system 
priced at just $3495, no other manu- 
facturer makes it easier to get into 
programmable logic. But hurry! This 
offer expires December 31, 1987. 


CALL NOW 
1-800-247-5700 
Dept. 513 


DATA I/O 


DID YOU KNOW? 


EDN serves 


electronic 
engineering managers in more than 
100 countries worldwide. 


engineers and 
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OUR Business 
is Making a Name 
For YOURSELF 


@ MOLDED PLASTIC 
NAMEPLATES 
Economical, eye-appealing and 
durable. They will sell your 
name every day your products 
are in use. 


@ DIE CAST ZINC 
NAMEPLATES 
There's no better way to 
imaginatively and effectively 
prove your pride in the 
products you sell. 


@ OVERLAYS & SWITCHES 
Exceptional design flexibility 
and outstanding visual appeal. 
Completely compatible with 
Douglas Membrane Switches. 


@ SCREEN PRINTED 
NAMEPLATES. 
Handsome and sparkling 
bright. Use them to advertise, 
identify, instruct, inform, control 
and decorate. 


@ THERMAL DIE CUT 
EMBLEMS & ALUMINUM 
DATA PLATES, TOO 


16-page, 
full-color 
Designers 
Guide to 
Nameplates 


DOUGLAS 


CORPORATION 


620 12TH AVENUE SOUTH 
MINNEAPOLIS, MN 55415 


PHONE (612) 333-8911 
CIRCLE NO 22 
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or through-hole packages. Four 
packages are available: the SMT 
processor in an 80-pin flat pack; the 
SMT PROM in a 32-pin PLCC; the 
leaded processor in a 64-pin shrink 
DIP; and the leaded PROM in a 
28-pin DIP. $118. 

Welch Allyn Inc, Box 187, Skan- 
eateles Falls, NY 13153. Phone 
(315) 685 8351. TLX 325435. Booth 
No 538. 


Circle No 675 


POWER SUPPLY 
The 4600 power supply produces 5 
kW of regulated de in a 
9.20 X19.5X20.25-in. rack-mounta- 
ble package. You can specify single- 
output voltage to 60V; lower-voltage 
versions produce current to 500A. 
You can connect the outputs in se- 
ries or parallel and can use any unit 
as a master or a Slave. The remotely 
programmable units provide rated 
power at ambient temperatures to 
50°C. The output voltage and cur- 
rent are regulated to within 0.1% of 
their maximum; at fixed line, load, 
and temperature, the output varies 
no more than 0.05%/8 hours. The 
ripple is 15 mV rms. $2700. 

Power Ten Inc, 486 Mercury Dr, 
Sunnyvale, CA 94086. Phone (408) 
738-5959. Booth No 2754. 

Circle No 677 


DC/DC CONVERTERS 


IBEK Series encapsulated de/de 
converters and ISR Series switch- 
ing regulators conform to industry- 
standard package configurations 
and provide single and multiple reg- 
ulated outputs. You can get units 
with or without ohmic input/output 


isolation; that draw power from dc 
sources of 5, 12, 15, 24, 28, or 48V; 
and that produce one, two, or three 
outputs. 

The two families include units 
with output power ratings from 1 to 
10W; the operating temperature 
range on some models extends from 
—40 to +85°C without derating. 
Nonisolated switching regulator 
modules meet specifications with in- 
puts from 4 to 88V higher than their 
outputs; some isolated units require 
input regulation within +0.1V of 
nominal, whereas others allow a 
+10% variation. $44 to $111. Deliv- 
ery, 12 weeks ARO (OEM qty). 

Melcher Inc, 10 Cochituate Rd, 
Natick, MA 01760. Phone (617) 
633-9979. TWX 510-100-3830. Booth 
No 5550. 
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RGB RAM/DAC 


The monolithic CMOS/TTL-compat- 
ible RGBDAC3405S incorporates 
three 4-bit DACs, three 4-bit- 
wide X32-nibble-deep static RAMs, 
an internal temperature-compen- 
sated voltage reference, and all the 
control logic required for a full 
graphics/color-monitor interface. 
The device gives you control over 
output enable, multiplex address, 
and overlay features, as well as con- 
trol over black, white, and sync lev- 
els. You can use it to produce signals 
that conform to EIA standards 170 
and 343. Each DAC output can drive 
a 75Q coaxial cable terminated at 
both ends; 32 colors are available at 
a 60-MHz pixel rate. The devices 
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WORLD'S FIRST 


130 dB/octave 


-B4. 36 dB 


1 PRECISION FILTERS, INC. 


io ee 240 Cherry Street, Ithaca, New York 14850 


in foitn NOR Neo NnRsoMe haere neRaOR 


Welcome to the new friendly open door policy 
on configuration. 

You can mix a variety of filters including our newest: 

The Precision 1 MHz with 80 dB/octave, as well as the new 
130 dB/octave filters tor up to 255 kHz. 

You can add pre, post and gain-ranging amplifiers, as well 
as frequency band translators. Calibration an option, of course. 
You can soon add strain, charge, current and voltage input 
conditioners. 

Yesterday's custom designs can now be assembled with 


todays standard hardware and software at friendly prices. Tomor- 


row’s New instruments will fit right into today's mainframe and 
operate with today’s friendly configuration and programming. 
Challenge us to show you. 


Call for details. We'll send our people's 
best friend, a magnetic dog, to remind 
you how system friendly conditioners can 
now be. Telex 646846. Or write. 


CIRCLE NO 128 


181 


GPIB@PC 


182 


CIRCLE NO 23 


W ESCON/87 PRODUCTS 


come in DIPs or LCCs; you can get 
commercial or military tempera- 
ture-range versions. $19.20 to 
$73.25 (100). Delivery, (commercial) 
stock to eight weeks; (military) 
stock to 12 weeks ARO. 

Intech Advanced Analog, 2270 
Martin Ave, Santa Clara, CA 
95050. Phone (408) 988-4930. Booth 
No 5630. 
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A/D CONVERTER 


In a single 40-pin hybrid DIP, the 
ADC-00300 combines a 12-bit ADC 
and a track/hold amplifier. The part 
uses a custom monolithic DAC, a 
discrete op amp, and both thick- and 
thin-film resistors. You can choose 
among nine unipolar and bipolar 
input ranges. The maximum lineari- 
ty error is 0.05% of full-scale range; 
the minimum S/N ratio is 65 dB; the 
harmonics are at least 68 dB below 
full scale. You need only furnish an 
encode command to trigger an ac- 
quisition/conversion cycle. The unit 
operates from —55 to +125°C; ver- 
sions are available that meet the 
requirements of MIL-STD-883. 
From $750. Delivery, eight to 12 
weeks ARO. 

ILC Data Device Corp, 105 Wil- 
bur Pl, Bohemia, NY 11716. Phone 
(516) 567-5600. TWX 510-228-7324. 
Booth Nos 721 and 723. 
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PROTOFAB SYSTEM 


The ColorCam system lets you man- 
ufacture small quantities of double- 
sided PC boards using the manufac- 
turer’s dry-etch method. Part of the 
system is an X-Y machine tool that 
routes the board to your outline, 
drills holes, and removes copper 
from the laminate by milling. This 
tool handles boards as large as 
16.5X15 in. and completes the job in 
two to three hours. You provide 
your data in the form of an MS-DOS 
database file formatted for compati- 
bility with a Gerber plotter so that 
you can do your layout with any 
CAD program that produces 
Gerber-compatible files. The ma- 
chine tool in the ColorCam system 
can cut Rubylith, so you can use it to 
create artwork masters for conven- 
tional etched boards. This feature 
allows you to employ one set of files 
to create the prototype boards, as 
well as the artwork masters used to 
obtain production quantities. 
$10,000 to $30,000. 

LKPF Pacific, 20C Pamaron 
Way, Novato, CA 94947. Phone 
(415) 883-1717. TLX 470875. Booth 
Nos 1925 and 1927. 
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CONTROLLER 


The C220 board allows electrolumi- 
nescent and plasma panels to emu- 
late DEC’s VT220 terminal. You can 
display 25 lines of 80-column text on 
panels with 512X256 or 640x200 
pixels. The board provides ports for 
a keyboard and a printer, and com- 
municates with the host computer 
via an RS-232C port. Menus simpli- 
fy setting up terminal, keyboard, 
printer, communications, and tab 
display parameters; you store your 
setup in onboard nonvolatile RAM. 
Four character sets reside in ROM; 
you can define four additional sets. 
$595 (100). 

Digital Electronics Corp, 31047 
Genstar Rd, Hayward, CA 94544. 
Phone (415) 471-4700. TLX 172073. 
Booth No 1340. 

Circle No 681 
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For demanding precision resistor net- 
work applications, VISHAY can help you 
select the appropriate technology, Bulk 
Metal® Foil or Thin Film, for your specific 
circuit application. 


VISHAY Bulk Metal® Foil 

For long-term ratio stability, 0.005% (SO0ppm), coupled with 
tight ratios, 0.005% (50ppm), use VISHAY Bulk Metal® Foil. 
A TCR tracking to 0.5ppm/°C and an absolute TCR of 
0.6ppm/°C results in virtually no effect of temperature 
gradients. 


@ Ratio stability 0.005% (50ppm). Absolute resistance 
values to 0.002% (20ppm). 

TCR tracking to 0.5ppm/°C. Absolute TCR of 
0.6ppm/°C with no effect of temperature gradients. 
Resistance ratios to 0.005% (50ppm). 

End of life 0.005% (50ppm). 

Hermetically sealed. 

Military approval version MIL-R-83401. 

Rise time to 1nS. No ringing. 

Noise -32dB. 

Surface mounted capability available. 


VISHAY Thin Film Accutrack ” 


For high ratio range 10,000:1, and high maximum resistance 
10MQ in SIP packages up to 16 pins, use VISHAY Thin Film. 


@ Ratio stability 0.01% (100ppm). Absolute resistance 
values to 0.005% (50ppm). 

TCR tracking to 1.0ppm/°C. Absolute TCR of 5ppm/°C. 
Resistance ratios to 0.01% (100ppm). 

SIPs up to 16 pins. Other packages available. 
Minimum thermal EMF <0.08uV/°C against PCB 
copper. 

End of life to 0.01% (100ppm). 

Noise -32dB. 


VISHAY can also supply Bulk Metal® Foil and Thin Film 
custom-designed chips, with bondable gold pads for 
hybrid and SMD applications. 


VISHAY Resistive Systems Group 
63 Lincoln Hwy., Malvern, PA 19355 (215) 644-1300 / FAX (215) 640-9081 
CIRCLE NO 155 


* petercenme’s apes s+ 


Encakod 
Tohhaeyit siete Naot ae 
ous eM DORE IE 


Bc 


Lenedhcoscud 


es 


oh 


hold more than D/A 


pa 
Gog abaite 
Fy) gebayehtom 


BSH ae 
Snpecaeer garRt, 


PACIFIC RIM 


The newspaper is EDN NEWS. 
The market, the Pacific Rim. 


Starting with the December 1987 issue, 
EDN NEWS increases its circulation by 
7,500 engineers and engineering managers 
in the key Pacific Rim markets of Japan, 
Taiwan, South Korea, Hong Kong, Singa- 
pore, and Malaysia. 


This increase of 7,500 gives EDN NEWS 
the largest controlled circulation in the 
Pacific Rim of any electronics industry 
newspaper or magazine. EDN NEWS also 
reaches EDN magazine’s U.S. circulation 
of 121,500...now for a total of 129,000 


readers worldwide! 


For details, contact Warren Dickson, Publisher, or Peter 


Coley, Advertising Sales Director, at (617) 964-3030 or 
your local EDN NEWS sales representative. 


INE 


Cahners Publishing Company * 275 Washington Street 
Newton, MA 02158-1630 * (617) 964-3030 


News of Products, 
Technology, and 
Careers for 
Engineers and 
Engineering 
Managers 
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Widest selection 
of modular enclosures 


OSCILLOGRAPHS 


The 3000 Series oscillographs em- 
ploy a pressurized ink-writing sys- 
tem and can provide four colors in 
one recorder. You can get recorders 
with one to eight channels; other 
features include a <4-msec rise 
time and <0.35% nonlinearity. A 
direct-entry keypad allows you to 
enter text to annotate the record- 
ings; the recorder prints text be- 
tween the channels. 

The oscillographs have 21 fixed- 
chart speeds from 500 mm/sec to 
5X10* m/sec. In addition, the step- 
per-motor chart drive allows you to 
select intermediate speeds. One of 
the plug-in preamplifiers is remote- 
ly programmable. You can specify a 
recording system that is fully re- 
mote controlled via either RS-232C 
or IKEE-488 ports. Two-channel 


version, $3600; 8-channel version, ( MA 
$10,000. Delivery, 30 to 60 days E L M 
sop ELMA Electronic inc. 


Gould Inc, Recording Systems | 4,440 Christy Street, Fremont, CA 94538 
Div, 3631 Perkins Ave, Cleveland, 


OH 44114. Phone (216) 361-3315. 
Booth No 2327. CIRCLE NO 24 
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“tol 
Collet safety knobs Fully VME compatible: 


@ Firmer grip on shaft |@ Completely insulated 
@ Mix or match colors @ Free positioning 


@ Portable instrument cases 
from 3.5” to 10.5” height, 
8.4” to 16.8” width and 10.2” to 19.9” depth 


@ Universal case for rack-mount 
or table-top use from 3.5” to 15.75" 
height, up to 16.8” useable width, 
9.1” to 21” depth 
@ Card cages 3U to 9U for 160 to 400 mm 
deep boards (also for 4.5” x 6.5” 
standard boards) 


@ Full range of accessories (incl. VME 
components) available 


A Member of the Sulzer Group 


DID YOU KNOW? 


Half of all EDN’s 


articles are staff-written. 


EDN 
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TELEDYNE SEMICONDUCTOR 


TELEDYNE SEMICONDUCTOR 


~ 


Transform the natural 
world into naturally perfect 
readouts with ADCs from 
Teledyne Semiconductor. 


No one has more low power 
linear CMOS ADCs for your 
display applications than Teledyne 
Semiconductor. Or more features. 
Or more package options, 
including PLCC and quad flat CO 
packages. TSC 500 Resolution to 16 bits, microprocessor 

programmable. New! 


Display A/D Converters 


There's the autoranging 4 A It ist 
TSC815, the product that's made TSC 815 utoranging, AC/DC vo age & resistance. 
Teledyne Semiconductor the TSC 7106 LCD drive, 3 1/2 digit. 
world leader in multimeter display 107 ; 1/2 diai 
ADCs. The TSC7106/7136 family, eee 
the industry standard in low power TSC 7116 LCD drive, 3 1/2 digit with display hold. 
display converters. The TSC826 TSC 7117 LED drive, 3 1/2 digit with display hol , 
and TSC827, the first ADCs with TSC 7117 LED drive, 3 1/2 ag ™ asp y ce 
control. The TSC500, our TSC 7129 4 1/2 digit with triplex LoD drive. New! 
integrating converter analog — om 
processor that lets | TSC 71 35 4 12 digit with ‘multiplexed B BCD output. 
microprocessor-based display TSC 7136 Fast overload recovery, 3 1/2 digit. New! 


ADCs offer more features than tet item ir 
application-specific ADCs. Plus 
lots more—including the right ADC 
for your application. 
Bar Graph Output A/D Converters 


They be all backed by TSC 826 40 LCD segment output LCD. ADC also. 
Teledyne’s impeccable reputation ———$—$——— EE 
for quality, service and support, TSC 827 101 LCD segment output ADC with high & 
earned over more than a quarter low setpoints, serial data output. New! 
century in the semiconductor C—O errr 
business. 


Get the full story. Call 
today for your free Display ADC 
Handbook full of specs and 
application information. 


1-800-888-9966 
415-968-9241 


Teledyne Semiconductor 

1300 Terra Bella Avenue 

PO Box 7267 

Mountain View, CA 94039 
TWX 910-379-6494 


FAX 415-967-1590 
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THE HISTORY OF PRODUCT 
BREAKTHROUGHS AT MIZAR 
REPEATS ITSELF, TIME AFTER 
TIME AFTERTIME. __ 


In this business, you cant rest on your last achievement. 1983—Mizar introduces the first domestic VME softwar 


You have to keep improving. Make it do more. Make it go faster. development system utilizing VME boards. The Mizar VI 

And make sure it’s completely cost-justified. At Mizar, that’s 9100 reduced workstation clutter and let designers concentra 

our way Of life. History proves it. on the important job of developing new application software. — 
1982—Mizar introduces 4 single-height VME boards and This single-height system was initially configured using dual | 
becomes the first US company to ship VME products. floppy disks and later became available with ahard disk. __ 
While the first VME spec was being written, we were busy 1984—Mizar introduces the first double-height CPU 
developing the first VME “system” available in the United States. with dual-ported, dynamic RAM. Some people needed m 

The Mizar backplane, system controller, CPU and memory speed. Some needed more memory capacity. We gave you bo . 
modules ushered in a new era in system design—characterized Our 7100 was the first CPU board that enabled multiple masters 
by exceptional performance levels, increased electro-mechanical to access the same memory simultaneously without any sub- 
integrity, expansion to 32-bit microprocessors and system-level stantial sacrifice in processing speed. 


component compatibility. 


1985—Mizar introduces the first VME development 
system with double- and single-height cards. The Mizar 
9500 made it possible for designers to pay for only as much 
capacity as they actually needed. Additional design freedom 
stemmed from the system's expansion slot enabling designers 
to add their own custom features to the system. 


1986—Mizar introduces the first intelligent interface for 


user-specific VME application design. Application needs 


could be satisfied more economically with our innovative 8115, 
a single-height CPU card with half a meg of dual ported memory 
and a unique side connector. With surface-mounted ICs on both 
sides of the board, and a new memory packaging concept called 


ZiPs, the 8115 could do the work of boards twice its size. 


1987—Mizar introduces the fastest 16 meg DRAM board 


on the market. With last year's acquisition of Hamilton 
Standard Digital Systems (formerly Mostek), we instantly 
increased our VME offerings by 50%, including a 
lightning-fast, double-height, 16-meg memory 

board which was in development at Hamilton 

Standard. In addition to its speed, the 

75/08, 16-meg memory board also 
has a double long-word cache. 


1987 


CIRCLE NO 153 7 


y 2 


7 


1987—Mizar introduces Unistar-32~the first VME 
development system to utilize AT&T’s WE® 32100 chip 
set and UNIX™ System V/VME. Now, Mizar brings you 
mainframe performance in a super microcomputer. This 
VME/UNIX development system integrates Mizar’s modular 
VMEbus design and full 32-bit VLSI technology with the most 
advanced multi-user, multi-tasking operating system available 
for application software development. 


At Mizar, we have a long history of successful product innovation. 
So if you need a breakthrough, call us at 612-224-8941. 


MIZAR INC. 


20 Yorkton Court * St. Paul, MN 55117 
612-224-8941 « FAX: 612-483-4986 


Mizar Digital Systems, Inc. 
1419 Dunn Drive « Carrollton, TX 75006 
214-446-2664 * FAX: 214-466-7784 


Mizar-Iinc. Ltd. 
100 Whitehill Estate » Glenrothes, Fife KY62RP 
Scotland, U.K. + Q-592-775330 » FAX: 0-592-775163 
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HALF-HEIGHT DIGITAL CASSETTE 
DATA STREAMERS: AN IDEA 
WHOSE TIME HAS COME 


IMPLE AN . Every year is a “vintage” wien t comesta hard disk backup. No one can - 
FAST, S —— LE _. D afford to have 60MB of data go sour. Use the TEAC MT-2ST data streamer © 


RELIABLE BACKUP WITH for day-to-day backup or archival storage. Data cassettes are rugged, com- 
INTERCH ANGEABLE pact, ultrareliable, and cost-competitive. Direct reel drive enables precise 


speed/positional control without time-consuming media preformatting. 
MEDIA Store anything from a single file to entire disk image under DMA control. 
And do it in 4 minutes (20MB), 10 (50MB) or 12 (60MB). 
Full media compatibility means that complete data bases can be sent 
through the mail. D/CAS-05 (QIC-02), SCSI, or D/CAS-15 (QIC-36) inter- 
faces available. Built-in data formatter for excellent space factor. 


For Memories You'll Be Glad To Have 


TEAC CORPORATION: 3-7-3 NAKA-CHO, MUSASHINO, TOKYO, JAPAN 
TEL: (0422) 53-1111 TLX: 2822451 FAX: (0422) 55-2554 


% Hong Kong, Nissei SangyoCo. Ltd. Hong Kong Branch tel: 3-343441-6; KARIN ELECTRONIC SUPPLIES CO., LTD. tel: 3-898252 Singapore, Nissei Sangyo Pte. 
Ltd. tel: 65-7372011; VAC CORPORATION tel: 7450082 & New Zealand, Northrop Instruments & Systems Ltd tel: 856-658 & Australia, Electrical Equipment Limited 
tel: 888-9000 # Indonesia, CHUGAI BOYEKI CO. LTD. tel: 370824 & Philippines, COMPEX INTERNATIONAL INC. tel: 213020 @ India, Priya Electronics & Chemicals 
Limited tel: 2863611 &%Kuwait, Bader Al Mulla & Brothers Co. W.L.L. tel: 2423250 & South Africa, EPSIDON TECHNOLOGY (PTY) LTD. tel: (011) 787-1030/33 
@ United Kingdom, TEKDATA LIMITED tel: 0782 813631 &F.R. Germany, nbn Elektronik GmbH tel: 08152/390 & Austria, nbn Elektronik GmbH tel: 04762/5444 
# Netherlands, SIMAC ELECTRONICS B.V. tel: 040-582911 # Belgium and Luxemburg, SIMAC ELECTRONICS SPRL/PVBA tel: 02-219.24.53 & France, TEKELEC 
AIRTRONIC S.A. tel: (1) 4534-75-35 S Italy, A.E.S.S.E. S.p.A tel: 02-54.64.741-2-3 &@ Spain, ATAIO Instrumentos S.A. tel: 733 05 62 & Switzerland, WENGER 
PERIPHERALS AG tel: 01/830 75 55 & Denmark, Dansk Binzer Teknik A/S tel: 03-662020 & Sweden, MACROTEK AB tel: 08-733 02 20 & Norway, SCANTELE AS tel: 
(2) 65 69 20 @ Finland, INSTRUMENTARIUM ELEKTRONIIKKA tel: 0-5284350 


*If no distributor is listed above in your area, please contact us directly for further details about our products. 
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Dialight Components. 


For a complete selection that 
builds on quality. 


Indicator lights, switches, and 
optoelectronics. Literally mil- 
lions of Dialight components to 
choose from. All constructed for 
the kind of reliability that will do 
justice to your finished product. 

Take Dialight LED circuit 
board indicators, for example. 
They’re 100% pretested, and fea- 
ture an easy to mount modular 
design for reliable, labor-saving 
board assembly. 

Or Dialight readout displays. 
Complete assemblies ready for 
instant panel-mounting to save 
time and money. 


Or Dialight switches. Push- 
buttons, rockers, toggles, levers. 
Momentary or alternate action. 
Incandescent, LED, or neon 
illumination. Hot stamped or 
engraved graphics. In a wide 
selection of terminations, con- 
tact ratings and mounting styles. 
Even sealed switches you can 
solder and wash with other com- 


ponents to reduce assembly costs. 


Then there’s Dialight indicator 
lights. Incandescent, LED or 
neon light sources available in a 
wide range of sizes and config- 
urations. They'll meet just about 


DIAUGHT corroration 


Dialight = Kulka* HHSmith 


A North American Philips Company 


For Indicator Lights Circle 60 


For Switches Circle 99 


any application requirement 
including military specs. In fact, 
we've developed over a million 
different indicator light designs 
to become the world’s largest 
manufacturer. 

Call us today at (201) 
223-9400, or write Dialight 
Corporation, 1913 Atlantic Ave., 
Manasquan, NJ 08736. If you 
can’t find what you need in 
our free catalogs, we’ll design it 
for you. So whatever it is you’re 
building, you can build 
on quality. With Dialight 
components. 


For Optoelectronics Circle 138 


arc-suppressing fibre, in most applications. It 
will operate at maximum load in high ambient 

temperatures. Withstands 50,000 actuations, 
minimum, at full load. UL recognized, CSA 

certified for l16AMP 125VAC and 1OAMP 
250VAC. VDE certified for 10 4)AMP 


Curvette—Ready for 
Export. Our new curved 
rocker offers several 
dramatic improvements 
over standard switches. 
Some you can see, some 


youcan’t... 250V ~p. 
A European Shape. One Size Fits All. Curvette’s slightly 
- Outside, the Curvette smaller size and patent pending 


mounting ears let it fit snugly into 
any opening from .48” x 1.072” to 
55” & 1.125. You can upgrade 
without retooling. 
Prove it yourself. Free. 
Pick a Curvette — one color, 


two color, lighted (AC or DC), 
single pole or double, even 


has a compound curve 
bezel that blends into the 
panel. No hard edges. 
Rounded corners. A soft, 
glare-free matte finish. 
Choice of color. The look is 
clean and contemporary. 
High Efficiency Design. 
_ Inside, Curvette has the toughes the VisiRocker™ with 
‘switching mechanism we ve eve! | : a second color molded in 
designed. Curvette also stops arcing. — for low cost “on” indica- 
before Mt starts witho It eX tion. Then send us your 
) | — name on company 
letterhead. Or call, 
toll-free, 1-800-243-8160. 
We'll send you a sample 
_ Curvette FREE. Youllseefor 
_ yourself what an improvement Curvette _ 
- with more performance and protection for - 


Designer’s Guide to 
Switching Power Supplies 
Part 1 


Regulator 


IC speeds 


design of switching 
power supplies 


In part 1 of this 2-part series, you'll learn 
about simple switching regulators and a 
technique for stabilizing switching-supply 
feedback loops. Part 2, scheduled for the 
November 26th tissue, will pick up where 
tlis article leaves off and delve into more 
complex, isolated switching power supplies. 


Jim Williams, Linear Technology Corp 


Switching power supplies are among the most difficult 
circuits to design. Mysterious operational modes; sud- 
den, seemingly inexplicable failures; peculiar regula- 
tion characteristics; and just plain explosions are com- 
mon occurrences. Diodes conduct the wrong way. 
Things get hot that shouldn’t. Capacitors act like resis- 
tors, fuses don’t blow, and transistors do. The output is 
at ground, and the ground terminal shows volts of 
noise. 

In addition, there’s the regulator’s feedback loop, 
sampled in nature and replete with uncertain phase 
shifts. And of course everything varies with line and 
load conditions. A glance through conference proceed- 
ings and available literature yields either an undigesti- 
ble store of mathematics or absurdly coy and simple 
little block diagrams that make everything look so easy. 
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Most engineers who need switching supplies don’t 
require 98.2% efficiency or 100W/in’. They aren’t trying 
to get tenure, and they don’t care about inventing a new 
type of circuit. What they do want are concepts directly 
applicable to the construction of working circuits that 
use readily available parts. 


Standard parts ease startup 


The circuits in this article employ standard, off-the- 
shelf magnetics exclusively, because most of the prob- 
lems with switching power supplies center on the 
inductive components. The standard-magnetics ap- 
proach almost certainly precludes precisely optimized 
performance and may horrify some veteran switching- 
supply designers, but it also eliminates inductor-con- 
struction uncertainties, saves time, and greatly in- 
creases your chances of getting a design running. A 
functional circuit is much easier to work with—and get 
enthusiastic about—than the smoking carcass of a deci- 
mated breadboard. Although the characteristics of 
standard inductors aren’t optimal, it’s easier to evaluate 
the performance of a working circuit on an oscilloscope 
than to guess why you don’t see anything at all. 

Also, once your circuit is running, you can obtain an 
optimized version of the standard product from the 
inductor manufacturer. Generally, the manufacturer 
can more easily modify its standard product than start 
from scratch. The process of communicating and trans- 
lating circuit-performance requirements into inductor- 
construction details is tricky. Using standard products 
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Most engineers who want switching supplies 
dowt need 98.2% efficiency or LOOW An’. 


as a starting point accelerates the dialogue and mini- 
mizes the number of iterations required for satisfactory 
results. Besides, the standard product will often suf- 
fice. 

Strictly speaking, it makes more sense to design an 
inductor to meet circuit requirements than to fashion a 
circuit around a standard inductor. Deliberately ignor- 
ing this point complicated the author’s work considera- 
bly, but will hopefully simplify the reader’s. (Ref 1 
discusses inductor design theory.) 


Start with a basic flyback supply 


Fig 1 shows a basic flyback supply using the LT1070 
switching-regulator IC (see box, “Switching supply 
improves duty-cycle control” for details of the LT1070.) 
The circuit converts a 5V input to a 12V output. Fig 2 
shows the voltage (trace A) and current (trace B) 
waveforms at the IC’s Vey pin. 

The Vsw output is the collector of a common-emitter 
npn transistor and pulls current through the 100-~H 
inductor. The LT1070’s internal oscillator sets the cir- 
cuit’s 40-kHz repetition rate. During the time Vsyw is 
low, the current flow through the inductor induces a 
magnetic field around the inductor. The amount of 
energy stored in this field is a function of the current 
level, how long the current flows, and the windings of 
the inductor and its core material. Control of the duty 
cycle of the Vgw’s base drive forces a constant 12V 
output. 

It’s useful to think of the inductor as a bucket and the 
current flow as water pouring into it. The bucket’s 
capacity—corresponding to the inductor’s saturation 
limitations—sets the ultimate limit on energy storage. 


100 wH 
#51516 (PULSE ENGINEERING) 


MBR735 
(MOTOROLA) 


O 12V,1.75A 
OUTPUT 


470 pF 


*1% METAL FILM RESISTER 


Fig 1—This basic flyback supply converts a 5V input to a 12V 


output. 
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The applied voltage and the inductance of the wire 
limits the amount of energy that you can put into an 
inductor in a given time. The core characteristics limit 
the amount of energy that the inductor can store 
without saturating. 

If the inductor is in a feedback loop, such as in Fig 1, 
then changing load demands will control the energy put 


into the inductor. Fig 3 shows what happens when the 
Text continued on pg 198 


HORIZONTAL 
10 pSEC/DIV 
10 pSEC/DIV 


10V/DIV 
1A/DIV 


Fig 2—Trace A is the voltage, and trace B is the current waveform 
at the Vsw pin of the IC in Fig 1. 


10V/DIV 
1A/DIV 


10 wSEC/DIV 
10 »SEC/DIV 


Fig 3—This photo is the result of the same setup as Fig 2, but shows 
what happens when the output demand doubles. In this case, the duty 
cycle doesn’t change appreciably, but current doubles. 
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Switching supply improves duty-eyele control 


The LT1070 from Linear T 
nology (Milpitas, CA acur- 
rent-mode switching on o : 
which means that the switch © 
current, rather than the er : 
voltage, directly controls the __ 
_ switch’s duty - The switch 
(Fig A) turns on at 
ce each oscillator Cy 


2.3V REGULATOR 


REFERENCE 


tor. This lack 0 ph 
- greatly simplifies 


| ases a the positive input of he 
e- error amplifier. The error ‘np 
- que - -—__ fier’s negative input is pieces 
a widely varying eor out for output-voltage Sensing. 
d ly, This feedback (FB) pin has a 
it allows simple pu 
current limiting to i- nal resistor pulls it low, it pro- — 
| output-overloa 
conditions. © 
A lowslono: 
_ tor provides a 2. 
all of the LT107 


and connects the output of the — 
wla- flyback amplifier to the compara- 
- _ tor’s input. The LT1070 then ny 

regulates the value of the | 


5 a _ supply voltage. — : 
‘This flyback ise is del 
| propor to the ee vole 


40-kHz oscillator i is | ; 
clock for all internal timit 
_ turns on the output swit 
the logic and driver circui tY 
Special adaptive antisatur: / 
circuitry detects the onse 
_ saturation in the power switch | 
_and instantaneously adjusts — 
— driver current to limit awit: - 
_ saturation. This limiting mini- _ 
_ mizes driver dissipation and prc 
vides very rapid es of 1e 
switch. 
cA 12V ‘bandgap reference | a 


side the et ely network he Se 
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| SHUTDOWN 
|_| circuit 


second function; wei au ale - 


oo QTaMs the LT1070 to disconnect. - 
lit‘ the main error-amplifier output 


flyback pulse with a to the 


SWITCH OUT 
16V : 


joes ; 


eee : My SWITCH 


| ANTISATURATION 
 orcur 


ee Fig A—The LT1070 isa 5 current-mode, switching- regula IC. mn which t the switch 
el oe current ae controls the switchs See cycle. oe Le 


teakuce si dectanee iG at ie” 


: leading edge of the flyback pulse - 
_ to improve output regulation. = 


_ The error signal developed at y 


the comparator input is brought _ 
out externally. The pin (Vc) has 
_ four functions. You can use it for - 
- frequency compensation, cur 
rent-limiting adjustment, soft- a 
starting, and total regulator 
_ shutdown. During normal regu . : 
_ lator operation, the pin sits ata 
voltage between 0.9V (low out- 
_ put current) and 2.0V fiugh, ee : 
& put current). | Ss 


The error amplifiers are cur- S 


rent-output (gu) types, so you 

- can externally clamp the Ve 

a  pin’s voltage to adjust the cur- : : 

i- _ rent limit. Likewise, a capacitor- _ 

you _ coupled external clamp provides | — 
ie. ae soft-start function. - 


The switch duty cycle goes a : | 


‘the —=—szero if the V¢ pin gets pulled to - 
othe ground through a diode, es . 

of places the LT1070 in an idle 
You mode. Pulling the Vc pin below 
oat- a ae — 0.15V causes total regulator 

_ shutdown—with only 50-~A sup- — 
oy current required for timing 
the shutdown circuitry. 
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- Iterative procedure yields frequency com © 


Although the architecture of the _ 
LT1070 switching-regulator IC is 
simple enough to allow a mathe- 
matical approach to frequency 
compensation, the added compli- | 
cations of input/output filters, —__ 
unknown capacitor ESR, and 
gross operating-point changes 
with input-voltage and on 
rent variations allsuggesta 
more empirical method. Many 
hours spent on breadboards ae 
shown that the simplest way to 
optimize the LT1070’s frequency 
compensation is to use transient- 
response techniques (and resis 
tor and capacitor decade boxes). 
You can inject a transient Sig- 
nal into a switching supply in _—p-p to a a 1 
many ways, but the preferred _ load variation. — 
method is to ac-coupleaload _—_—s—Fror lightly tuade 
variation into the supply’s ite _ 7 ae 100 mA), thi 
put. This technique avoids the —_ can prove too high 
injection- point loading eo = response. If the 
that arise if you try to pene a _. negative-transition se 
transient into some internal | ‘ms differ fi 
node of the supply, and it is ap- 
plicable to all switching topo-- 
logies. The only change neces- 
sary may be anamplitude 
adjustment to maintain small- 
signal conditions. 
Fig A shows a setup using 
this technique anda function 
generator with a 500 output im- 
-pedance, coupled through a 500/ 
1000-pF series RC network to 


SCOPE FILTER 


(OBSERVE 
POLARITY) 


ape 502 
gut GENERATOR 


f=50 Hz 


*ALL INPUT AND OUTPUT FILTERS MUST BE IN PLACE. INPUT SOURCE (Vin) MUST BE 
ACTUAL SOURCE USED IN FINAL DESIGN TO ACCOUNT FOR FINITE SOURCE IMPEDANCE. 


ia tion into the output of a switching — 
sponse to the load variation. __ 
5 ve be to oe a 100- ile - - _ 


supply and to observe ft 
_ Typically you set thea am: p 
_ @ ps load variation. | 


of the generator’s ( generator exactly 2 as . _ 
ig Ato prevent — 

p errors. Connect 
nel B probe to the gen- 
‘ith the ground clip con- 
. exactly the same place : 
channel A ground, syn- 
es the oscilloscope. 

shouldn’t use the syne — 

of the generator to syn 

the scope because of 

op errors. You may | 

0 isolate either the 


‘or the oscilloscope 
: ird-wire (earth. 


er significantly, 
luce the amplitu 
sg is eo pe 


prevent ground-loop errors in — 

| the ; scope display. Connecting 

the channel A probe tip to exact-_ 
_ ly the same point as the probe’s __ 


the supply’s output. The genera- — dona LC output filters ae oe ground clip reveals ground-loop — 
tor frequency is noncritical, but switching-frequency signals at -—_ errors; any activity on _ AU 
a good starting point is 50 Hz. their outputs, which may have while it’s shorted indicates a 
Lower frequencies can cause an much higher amplitude than the ground-loop problem. 
annoying, blinking scope dis- low-frequency settling waveform Once you’ve made the proper 
_ play, and higher frequencies to be studied. The filter frequen- setup, finding the optimal ae _ 
- may not allow sufficient settling cy is high enough to pass the for the ee 
- time for the output transient. settling waveform with no dis- network is fairly straightfor- 


, prely you set the amplitude _ tortion. You should connect the _ ward. Initially, you make C,_ . 
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GENERATOR OUTPUT 


REGULATOR OUTPUT 
WITH LARGE C, SMALL R 


WITH REDUCED C 
AND SMALL R 


EFFECT OF INCREASED R 


FURTHER REDUCTIONS 
IN C MAY BE POSSIBLE 


IMPROPER VALUES WILL 
CAUSE OSCILLATIONS 


Fig B—Using the setup in Fig A, you should be able to optimize the compensation- 
network component is m accordance with the wave shapes shown here. 


large (22 pF), and R; small oi 
kQ)). This compensation nearly 
always ensures that the supply 
will be stable enough to al 
working. 

Next, if the soo S oe 
waveform is overdamped (see 
the waveforms in Fig B), you © 
reduce the value of C; in steps of 
about 2:1 until the response be- 
comes slightly underdamped. 
Next, you increase R; in steps of 


_ 2:1 to introduce a loop zero. This — 


zero will normally improve | 
damping and allow you to reduce 
_ the value of C, further. Shifting 
back and forth between R; and 
_C, variations will allow you to 
quickly find the optimal values 
for these components. 

If the supply’s response is 
underdamped with the initial 
_ large value of C., you should in- 
crease R; immediately and try 
_ larger values for Cz. Increasing 
R; will normally bring about the 
overdamped starting condition 
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for further iterations. 

Just what do “optimal values 
for R; and C, really mean? Nor- 
mally they mean the smallest 
value for C, and the largest 
value for R; that will still guar- 
antee no loop oscillations and 
that will result in loop settling 
that is as rapid as possible. The 
reason behind this criterion is 
that it minimizes the variations 
in output voltage due to input- 
ripple voltages and oad 


”? 


transients. 


A switching ee that is 


grossly overdamped » will never 
oscillate, but it may have unac- 


ceptably large output transients 


_ following sudden changes in 


input voltage or output loading. 
It can also suffer from excessive 


overshoot problems during start- 


up or short-circuit recovery. 
To guarantee acceptable loop 


stability under all conditions, 
you should check the final values 
_ chosen for R; and C; for all com- 


binations of input voltage and 
load current. The simplest way 
to accomplish this goal is to — 
apply minimum and maximum | 
load currents—and several inter- 
mediate load currents. At Sok 
load-current level, vary the | 
input voltage from minimum to 
maximum while observing the 
settling waveform. — 
These additional ayoret cise” 
experiments are definitely nec- 
essary. Switching supplies, un- 
like linear supplies, have large 
shifts in loop gain and phase 
with changes in operating condi- 
tions. If you expect large temp- 
erature variations for the sup- 
ply, you should also make 
stability checks at the tempera- 
ture extremes. Significant temp- _ 
erature variations in any of sev- 
eral key component parameters 


_ ean affect stability—in particu- 


lar, input and output capacitor 
values their ESRs, and anductor 
permeability. , | 
The LT1070’s parametric vari- 
ations also require some consid- 
eration. The error amplifier gy 
affects loop stability as does the 
transfer function of the Vc pin 


_ voltage vs switch current (listed _ 


as transconductance in the de- 


_ vice’s data sheet). For modest 
temperature variations, conser- 


vative overdamping under worst- 
case temperature conditions is 
usually sufficient to guarantee 


adequate stability at all temper- 
atures. Note that, if you include _ 
~ external amplifiers or other ac- 


tive devices in the feedback ee : 
you must include their effects _ 
when stabilizing the loop. — 


ae 


The circuits employ a switching-regulator 
IC and only standard, off-the-shelf 
magnetics. 


output demand doubles. In this case, the duty cycle 
doesn’t change much, but current doubles. 

This current doubling requires the inductor to store 
more energy. If it can’t meet the storage requirement 
—that is, if it saturates and cannot hold any more 
magnetic flux—then it will cease to be inductive. At 
this point, the resistance of the wire is all that limits 
current flow. The current then rapidly builds to exces- 
sive and destructive values. 

At the end of each inductor current-charge cycle, 
current flow in the inductor ceases, and the magnetic 
field around it abruptly collapses. The Vsw pin rises 
rapidly to a voltage higher than the 5V input. This 
“flyback” action gives the regulator both its voltage- 
boost characteristics and its name. 

In this circuit, the flyback pulse’s voltage clamps to a 
level just above the output voltage, because the flyback 
pulse gets steered through the Schottky diode to the 
output. The 470-ywF capacitor integrates the repetitive 
flyback pulses, providing the circuit’s de output. 

The feedback pin (FB) samples this output via the 
10.7-kQ/1.24-kQ divider. The LT1070 compares the 
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feedback-pin voltage to its internal 1.24V reference and 
controls the Vsw pin’s duty cycle, closing the feedback 
loop. Because the LT1070 is trying to force its feedback 
pin to 1.24V, by varying the divider’s values you set the 
circuit’s output voltage. 


Stability compensation is necessary 


All feedback loops require some form of stability 
compensation (Ref 2), and the LT1070 is no exception. 
Its voltage-gain characteristic, combined with the sub- 
stantial phase shift of the switching circuit, guarantees 
unwanted oscillation unless you provide for compensa- 
tion. The large output capacitor smoothes the output to 
de, but it also creates more phase shift. To complicate 
matters, the load, which can vary, further influences 
the phase characteristics. 

In Fig 1, the 1-kQ/1-~F combination at the Vc 
compensation pin provides roll-off of the circuit’s re- 
sponse, furnishing stable compensation for all operating 
conditions. (See box, “Iterative procedure yields fre- 
quency compensation” for details and suggestions for 
achieving stability in switching-regulator loops.) 


OPTIONAL LOW-DRIFT 
5V FEEDBACK CIRCUIT 


O OUTPUT 


4A FROM 5V 
+ OUTPUT 


1100 pF 3.9k, 1% 3.01k, 1% 


Qo (mp) 
2N5401 \_ AG 


3.01k, 1% 


Fig 4—This circuit is similar to Fig I’s but suits telecommunications applications. It works with raw telecommunications-supply levels, 


which are nominally —48V but can vary from —40 to —60V. 
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The mayority of the problems youll encoun- 
ter with switching supplies involves their 
inductive components. 


As innocent as Fig 1 appears, odd and seemingly 
inexplicable problems will arise. Note that the ground 
connection appears at the ground pin, as opposed to its 
normal location at the bottom of the diagram. This 
unconventional location is deliberate because you must 
make the supply- and load-return connections at the 
GND pin. You musn’t allow the high-speed, high-cur- 
rent returns from the output transistor’s emitter (the 
“other end” of the Vsw pin) to mix with the small 
currents of the output divider or the Vc pin. Such 
mixing can promote poor regulation, unstable opera- 
tion, or outright oscillation. 

The 22-y.F' bypass capacitor ensures clean local power 
for the LT1070, even during the fast, high-current drain 
periods when Vsyw turns on. The bypass capacitor 
should have good high-frequency characteristics (a tan- 
talum or aluminum type, for example, paralleled by a 
dise-ceramic type). 


Flyback supply for telecommunications 

Fig 4’s circuit is operationally similar to Fig 1’s, but 
is suitable for teleeommunications applications. A raw 
telecommunications supply is nominally —48V, but can 
vary from —40 to —60V. Although the chip’s Vsw pin 
can handle this voltage range, the Vin pin requires 
protection (Vyax=60V). Q; and the 30V zener diode 
serve this purpose, dropping the input voltage to about 
—17V at the V,y pin under all line conditions. 


TRACE | VERTICAL HORIZONTAL 
A 20V/DIV 500 nSEC/DIV 
B 2A/DIV 500 nSEC/DIV 


Fig 5—Trace A is the voltage, and trace B is the current at the Vsw 
pin of the circuit in Fig 4. The ripples in the current trace are due to a 
nonoptimal breadboard layout. Inductor ringing during turn-off 
(trace A) is characteristic of flyback configurations. 
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Here, the “top” of the inductor is at ground, and the 
ground pin is at —48V. The feedback pin senses with 
respect to the ground pin, so the circuit needs a level 
shift from the 5V output. Q. accomplishes this function 
and introduces only —2-mV/°C drift. This drift is 
normally not objectionable in a logic power supply, but 
you can compensate for it with an appropriately scaled 
diode-resistor combination across the 1.2-kQ resistor. 

Frequency compensation is similar to that of Fig 1. 
Note that a low ESR (equivalent series resistance) 
capacitor provides less phase shift, permitting faster 
loop response because of a reduced compensation time 
constant. The 68V zener diode clamps and absorbs 
excessive line transients that might otherwise damage 
the LT1070 (Vsw is 75V max). 

Fig 5 shows operation waveforms for Fig 4’s Vsw pin. 
Trace A is the voltage, and trace B is the current. 
Switching characteristics are fast and clean. The rip- 
ples in the current trace are due to nonoptimal bread- 
board layout (ground as I say, not as I do). Inductor 
ringing during turn-off (trace A) is characteristic of 
flyback configurations. EDN 
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Most operating systems hit a sour note : 
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in OS-9 experience, tools and applications 
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company’s future. OS-9 can be utilized 
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product range. 
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Seagate’s family of 32" hard disc drives. 


Seagate’s 31/2" 
drives are not only fast 
—they’re power savers, 
using as little as 8 watts. 
And for added data integrity, 
the drives feature autopark with 
a balanced positioner. 
All of Seagate’s 31%" drives are 
built with the precision and quality that 
have made us the world’s leading inde- 
pendent manufacturer of 51” full-height 
and half-height hard disc drives. 
Only Seagate has the world- 
wide, high-volume manufacturing 
efficiency to meet the 
srowing, demand for 
ea, 31%" drives. 
Once you evaluate Seagate’s subcompacts, 
youll be ready to go for a little drive. 
Call us today. 800-468-DISC. 


As computers 
grow smaller, 
the demand for high-quality 
drives grows larger. But if you’re 
looking for 31%" drives for your 
small computer systems, you 
don’t have a lot to choose from. 

Except at Seagate. ' 

We offer six 3%” drives with 21, 
32 and 48 MB formatted capacities. 
You also have a choice of interfaces: 
SCSI or ST412 with RLL or MFM encoding. 
All with 28 msec access time. 

Our 31%" drives use Seagate’s field-proven, 
proprietary stepper motors to achieve fast access 
times normally found only with more expensive 
voice coil actuators. 


SS Seagate 


The first name in disc drives. 
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In 1927, Mallory Invented the Aluminu 


parent of one of the world’s largest Cz 


And the name change is just the beginning! Aerovox M product line #1 in every market served as 
Aerovox Inc. is a major manufacturer of rapidly as we can accomplish it! 
Capacitors and Filters. For over 60 years, Aerovox has This journey has already begun. To date we have: 
earned an unequaled reputation for product quality and e Assured the continued high quality of products by 
on-time delivery — at competitive prices and absolutely keeping intact the existing production lines and the 
to spec! skilled work force responsible for them. 
Our goal for the Aerovox M product line of e Improved communications by consolidating 
Aluminum Electrolytic Capacitors is to make it even engineering, marketing and accounting with 
better — with improved manufacturing facilities, manufacturing in Glasgow. 
improved customer service and a major emphasis on e Placed orders for new state-of-the-art manufacturing 
new-product development. In short, to make the equipment to upgrade product lines. 


And now wer 
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ctrolytic Capacitor. 


was purchased by RTE, 
itor companies — Aerovox Inc. 


e Established a new computerized order entry and And more is coming. 
customer service system to expedite inquiries and In the meantime, Aerovox M is wide open for 
deliveries. business — prepared to respond faster, more directly — 
Assigned national field sales responsibility for all and more competitively — than ever before! Call your 
electrolytic products to Aerovox Inc.'s strong, Aerovox representative or nearest Aerovox distributor to 
knowledgeable, service-driven organization of sales fill your next aluminum electrolytic requirement. We 
representatives. believe Our response, service and pricing will prove to 
Placed the Aerovox M product line with Aerovox you that a great product line can 


Inc.’s established network of electronics distributors. be made even better! ents / db. 7 ' 
asetof / f big 
technical 


bulletins | — = 
\erovox Glasgow, Kentucky 42141 ‘ee | / // 
(502) 651-8301 ¢ FAX 502-651-9312 el Hl/ 
Mi A LLO R Sabie uli biaglatebaaphaned *MALLORY is a trademark owned by and used 
Nov. 17-19, Booth 1728 under license from Emhart Industries, Inc. 
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Give your customers the full picture. 
With a Finlux EL display. 


Take a closer look at Finlux EL flat-panel displays, 


Rte Input Matrix 
and you'll see right away why they're just right for Voltages Configuration Display Area Size Weight 
your customers. 
To begin with, Finlux Matrix Displays help you MD640.200-12 +5V/+12V 640 x 200 pixels 4.87.68 in. 6.24 in. (158.5mm)H_ 13.4 oz. (375 9) 


-10 = +5V/+15V (122 x 195 mm) 9 in. (228.5 mm) W 
0.72 in. (18.3 mm) D 


MD512.256-33  +5V/+15V_ 512 x 256 pixels 3.85 x 7.69 in. 5.67 in. (144 mm) H 23 02. (650 g) 


look your very best —whether you are building pro- 
cess controllers, factory terminals, or electronic 
instruments. That’s because Finlux Displays deliver 


renin Nang -34 +5V/+12V (195.2 x 97.7 mm) 10.2 in (260 mm) W 
outstanding picture quality with crisp, stable, and 35 +5V/+12V 1.04 in. (26.5 mm) D 
flicker-free images. Which makes them ideal for long -39 0 +5V/+12V"" 
Stretches of work. EY eee 
’ ‘ 7 ‘ _ + kk 
What’s more, Finlux Displays offer unmatched reli- * 
ability because they incorporate a proprietary Atomic MD640.400-50 +5W/+12V"**640 x 400 pixels 4.8 x 7.68 in. 6.24 in. (158.5 mm) H 13.4 oz. (375 g) 


(122 x 195 mm) 9 in. (228.5 mm) W 


Layer Epitaxy (ALE)* process that assures depend- 0.72 in. (18.3 mn) D 


able performance in even the toughest industrial 

environments. “Process developed by Lohja Corporation, Finland. **With integrated power supply and low power drivers. “**Available fourth quarter 1987 
And they're so thin and lightweight, you will appre- 

ciate how easy it is to incorporate Finlux Displays 

into your own system. About half the size of a loose- 

leaf notebook, Finlux Displays fit into any system 


where portability counts and space is at a premium. FINLUX INC. vere ing aig iieerahre Operations: ae Oe tia 
20395 Pacifica Drive RPORATI HJA 
See for yourself. Call or write Finlux Inc. today. Suite 109 Display Electronics Display Electronics 
You'll learn how remarkably capable something so Cupertino, CA 95014 ox 46 Koshiichi Building 803 
kab| b Tel. (408) 725-1972 SF-02201 ESPOO 20 Jingumae 6-19-16 

remarkaDly COMpaCcl Can DE. Telecopy (408) 9967547 Finland Shibuya-ku, Tokyo JAPAN 
Tel. Int. +358 0 420 01 Tel. Japan 03-797-5425 
Telex 125023 eldis sf Telecopy: Japan 03-797 5426 


See us at WESCON, Booth 5143 
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OEM show, 


make it... 


rT Winter National 
VD, Design Engineering 
=*4 Show & Conference 


December 15-17, 1987 
Anaheim Convention Center 
Anaheim, California 


CAD/CAM. Components. Services. Systems. Whatever you 
need, you'll find it at Winter Design” 

Thousands of products. From hundreds of suppliers. Every 
solution to every design need. All under one roof. 


So, if you go to only one Western OEM show, make it Winter 
Design. Your complete West Coast OEM resource. 


Call now for free show admission or to exhibit: (203) 964-0000. 
Or write: Winter Design, 999 Summer Street, Stamford, CT, 
06905-0833. (Be sure to ask for a Conference Program.) 
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Interface a real-time 


clock chip to the 
IBM PC or Apple I 


Modern real-time clock (RTC) chips are 


soplnsticated, highly stable devices that re- 
quire very few external components. RTC 
chips are easy to use, but to obtain their 
highest accuracy you must take care both in 
board layout and in your choice of a 
timebase crystal. 


Adnan Khan, GE’ Solid State and 
Mark Alexander, GE/Intersil 


Real-time clock (RTC) chips have evolved from expen- 
sive, no-frills, power-hungry timekeepers into inexpen- 


Sive, sophisticated, low-power coprocessors that pro- — 


vide many more capabilities than just basic 


timekeeping. Most personal computers now include a - 


clock chip that automatically updates the system’s 
real-time clock/calendar and can start any system or 
application program at specific times, which can be 
hours, days, or months apart. You don’t need many 
components to interface a modern RTC chip to other 
devices or to a host computer such as an IBM PC or an 
Apple II. However, you'll need to select these compo- 
nents carefully to obtain the best frequency and temp- 
erature stability and to ensure that the clock chip 
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switches reliably between the main power supply and 
the backup battery. 

The combination of an RTC chip and an 8-bit micro- 
controller (Fig 1) illustrates most of the capabilities of a 
modern RTC and shows the design aspects that need 
the most attention. The circuit depicts a world-time 
alarm clock that can display the time for any zone and 
can switch to and from daylight-savings time. You could 
implement a real-time process controller with this 
circuit by using one of the I/O ports on the wC to drive 
an alarm buzzer, a relay, a solenoid valve, or a triac. 

The areas of this circuit that prove most troublesome 
to design are the oscillator circuitry, the battery- 
backup scheme, and the layout of the pe board on which 
you mount the clock chip. The ICM7170 used in Fig 1’s 
circuit is typical of many other available clock chips in 
these respects. (For additional information on the chip, 
see box, “The ICM7170 real-time clock,” pg 212). 

In Fig 1’s circuit, the oscillator’s frequency stability 
determines both the long- and short-term accuracy of 
the clock, and depends primarily on the phase-changing 
properties of the feedback network. For high stability, 
you'd generally use a quartz crystal or a tuning-fork- 
type crystal as the feedback element, but to select the 
right crystal you need some understanding of the 
oscillator. Some modern RTCs let you choose among 
several frequencies for the crystal, but most chips use a 
32.768-kHz tuning-fork-type crystal as the timebase 
generator. These crystals have the advantage of being 
very inexpensive—but they do present some tradeoffs. 
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A modern RTC chip with the proper crys- 
tal can keep accurate time to within 0.5 
sec/month over a wide temperature range. 


First, because oscillator current rises as the series 
resistance of the feedback network increases, it’s good 
design practice to select a crystal that has a low series 
resistance. Unfortunately, the tuning-fork crystals 
have a rather high series resistance—typically around 
45 kQ.. Further, tuning-fork crystals have a rather poor 
temperature/frequency curve (Fig 2a). Their frequen- 
cy drift with temperature is typically —0.038 ppm/°C, 


RELAY DRIVER 


and mechanical vibration can also cause considerable 
frequency drift. Thus, the tuning-fork crystals are best 
suited to those applications in which the equipment 
experiences only minor temperature changes and little 
mechanical shock or vibration. 

If the RTC in your design will be exposed to a wide 
range of temperatures, you'll need to use an AT- or 
SC-cut crystal. When used at frequencies over 1 MHz, 
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Fig 1—You can combine a modern real-time clock chip with an 8-bit wC to implement a universal timer/process controller. You can use 
ports P1217 of the wC to drive a variety of alarms and peripheral devices. 
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Fig 2—It’s important to choose the right crystal for an RTC timebase. Wide variations of temperature cause the frequency of a 
tuning-fork-type crystal to drift (a). An SC-cut crystal is stable over a much wider temperature range (b). The characteristics of various 


crystal types are shown in (c). 


these crystals are rugged and have excellent tempera- 
ture stability. An SC-cut, third-overtone-type crystal 
will have a temperature coefficient of less than 
1x10°7°C on each side of the turnover temperature 
(Fig 2b). A crystal of this type, with a frequency of 
4.194304 MHz, will admirably suit an RTC circuit and, 
after a few months at a constant temperature, will 
exhibit an aging rate of only one part in 10’ per month, 
or less. 

Almost every currently available RTC chip uses a 
Pierce oscillator as its internal timebase generator. 
Pierce oscillators typically draw 1 to 80 wA, and they’re 
convenient because you can easily fine-tune their fre- 
quency with a trimmer capacitor, and because their 
oscillation stops (rather than going wild) in the event of 
a crystal failure. 

Although most crystals are capable of dissipating as 
much as 150 pW, it’s considered good design practice to 
limit the drive to the crystal to 75 wW. For an overtone 
crystal, you should limit the drive even further, to 
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about 30 pW. It’s also good practice to limit the drive to 
a 32.768-kHz tuning-fork crystal by inserting a series 
resistor of 200 to 300 kQ (Rx, Fig 1). Most clock 
oscillators operate from a supply of 3 to 5V, and 
because crystals of this type have a high internal series 
resistance, the oscillator current can easily rise to a 
value that will damage the crystal. 

To obtain optimum performance from a Pierce oscilla- 
tor, you should lay out the circuit board very carefully. 
In general, you should treat the oscillator as a high- 
frequency circuit, and use the standard techniques of 
avoiding parallel and long traces: That is, you should 
use ground traces between signal traces to reduce 
cross-coupling, and you should keep components well 
separated to avoid coupling between component bodies. 

The following points are especially important. To 
increase loop gain, reduce start-up time, and increase 
short-term stability, you must minimize the capacitance 


across the traces that run between the crystal and the 
OSC IN and OSC OUT pins of the RTC. To increase 
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The most troublesome areas of an RTC 
interface to an 8-bit wC are the oscillator 
circuitry, the battery-backup scheme, and 
the pc-board layout. 


loop gain, increase the tuning range of the oscillator, 
and reduce the crystal’s drive level, you need to mini- 
mize the capacitance from the OSC IN pin to ground. 
To decrease the possibility of spurious oscillation and to 
improve short-term stability, you must minimize the 
capacitive coupling of digital signals into the OSC IN 
terminal of the RTC. Finally, if you use a crystal series 
resistor, you must isolate it to reduce parasitic charges 
flowing into the oscillator input circuit. 

RTC chips vary as to the battery-backup circuits 
they require. The ICM7170 requires only three external 
components: a 3V lithium battery, a diode, and a 
resistor. For temporary operation, the battery alone 
would be sufficient, but to meet UL safety require- 
ments, you must protect the lithium battery by adding 


Veackup 


POWER- 
SUPPLY 


the diode and the series resistor R, (Fig 1). 

You should use lithium batteries with great care. 
Lithium is an active metal that burns in the presence of 
water or high humidity; therefore, any situation that 
could expose the lithium is extremely hazardous. You 
must not, under any circumstances, permit charging 
current to flow into the battery—lithium batteries have 
been known to explode or release dangerous materials 
upon application of even a small charging current. They 
can likewise explode if suddenly discharged by a short 
circuit. A catastrophic failure of the RTC chip could 
cause either of these situations unless the battery is 
adequately protected. 

When power is on, the diode becomes back-biased 
and prevents the supply from charging the battery. In 


OSCILLATOR CRYSTAL 
OSC OUT OSCIN 


INTERRUPTS 


LOW-POWER 


OSCILLATOR SOURCE 


PERIODIC COMPARE 


"TIME COUNTERS 
0.01] SEC | MIN [HOUR | DAY | DATE | MONTH | YEAR 


CONTROL 


ADDRESS 
INPUTS 
Ao-4 


ADDRESS 


3-STATE DATA 1/0 
1/0 DRIVERS Do 


I CMD | STATUS| INTERRUPT- 


| REG | REG | MASK REG 


EDN November 12, 1987 


TTL SS SS SSS SSS SSS SSeS sss st se =r 


the event that the RTC chip breaks down and creates a 
short circuit, the resistor will limit the discharge cur- 
rent to a safe value. In some circumstances you may 
need to connect a second resistor (R,) across the diode. 
This resistor, which should have a value of 1 to 2 MQ), 
will provide sufficient leakage current for the RTC 
chip to overcome any leakage over the board from the 
Vsg trace to the Vgacxup trace and pin. 

It’s easy to create a clock board that will plug into an 
expansion slot of an IBM PC or compatible computer. 
You can mount the components on a blank prototyping 
board and wire-wrap the connections. The associated 
software could be merely a simple routine that polls the 
clock and reads the time into a RAM buffer; alternative- 
ly, it could be an interrupt-service routine that is 


the 64 bits are needed ao repre- - 

sent all possible valid date/time © 
values. The RTC holds the u un- 
used bits at logical ZeYO ( 


can program C to generate a an 
alarm at a specific time. 
_ The timebase generator i is a 
Pierce erystal oscillator et | 
with an active feedback resistor 
and a voltage regulator. The © 
t _ regulator output is typically | 
-_ 1.8V for 32-kHz operation. This 
low voltage yields several advan- __ 
tages: First, the change i in the 
— oscillator’s output. voltage i is neg- 
ligible for variations in Vcc from 
2.0 to 5.0V; second, switching © 
_ from system power to backup | 
_ power (or vice versa) does not — 


periodically triggered by the RTC’s 1-sec interrupt- 
request line. 

Fig 3 shows the interface circuit. You'll need only 
four logic chips and a few resistor packs to implement 
the support circuitry. With any RTC chip, however, you 
should use only chips in the 74HCT or 74LS families, 
whose outputs have slow rise and fall times. Chips of 
the 74S, 74AC, and 74F families have very fast rise and 
fall times that produce EMI noise and ground bounce, 
and may cause spurious operation of the RTC. 

IC, is an address comparator that compares the 
setting of DIP switches 8; with the address presented 
on lines A;. to determine the base port address of the 
clock board. Address lines Ao, are buffered by IC:, the 
bidirectional data lines are buffered by IC;, and IC, 


hoe cient ee _ 
operate the chip in back- _ A 
Up mode merely by adding an _ 
external battery, suchasa 
_ CR23265 bi thium/manganese soe _ 
ide battery. However, for safe- 
_ty’s sake, when you use a lithi- 


um battery you should always 
place a diode and a limiting Tes, _ 
_ sistor in series with it. The =—_ 

- switchover circuit switches the 

- ICM7170’s internal ground bus 
from the Vg pin to the Vgacxup 
_ pin whenever the system’s pow- | 
er-supply voltage drops below 


read operation and ae them . 
____ bility; third, the backup-battery 
|. voltage can be as lowas1.9V; | 
. and fourth, there's no — of : 


during a write operation. _ 
The RTC also contains es 


additional registers that hold => 
alarm data. An internal compa- - . files y iriving ; th che er, : 
rator compares the data you pre- 
set into the alarm registers with 
the current values in the real- ee power. 
time registers. When the compa- 
rator detects an exact match, it — 


_ generates an interrupt request. 


- You can program the alarm cir- 
cuits to generate periodic inter- 
rupt requests at intervals rang- 

ing from Yoo sec to years, or you _s=Tk 
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compromise the oscillator’: Ss sta- 


that of the battery. On standby 
power, the chip draws only 2 pA — 
when operating with a 32.768- 
_ kHz erystal, and you'll get ap- 
t - > 40,000 hours (44% 
years) of operation from an 80- 


8 _mAhr lithium battery. Whenever / 


_ all vO operations, thereby pre 
_ viding additional protection fo 
eee counter — donee Doves 


| fal ts 2 ie the voltage from the Vgs pate 
68 kB dz, 1.0 S76: the Veackup Pin drops below | 

th ME, 2. 097152 Mz, or 4. 1943¢ a .L 
_ MHz. If you use a 82.768-kHz 
_ erystal that does not have a high - _ 
— Q factor, you may not have Oe 
use aseries resistor. _ a oe 
he R ‘C's built-in z automatic  . 


, the internal logic gieabics 
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on 


VO 
0.1.F 


0.1 pF 


5x 100k 


Wh 32.768 


5 TO kHz 
35 pF 


5V 


4x 100k 


fe) 
D 


fe) 
= 


0.1 pF 8x 100k 


Fig 3—You need only four 74HCT support chips and a few discrete parts to construct an interface between the ICM7170 RTC chip and an IBM 
PC. Buffers isolate the RTC from the PC bus except during I/O operations specifically addressed to the RTC. 


generates the control signals that the RTC requires. It 
may seem unusual to decode the PC’s IOR and IOW 
lines to generate the RD and WR signals needed by the 
RTC and to control bidirectional bus transceiver IC;, 
but there’s a good reason for doing so. If a bus fault or a 
PC malfunction should ever drive IOR and IOW low 
simultaneously, the decoder will not respond; there- 
fore, the malfunction won’t cause the RTC to perform 
unwanted or erroneous operations. The data transceiv- 
er is enabled only by valid I/O operations addressed to 
the clock board. 

Another slightly unusual feature of Fig 3’s circuit is 
that the CS line of the RTC is permanently grounded to 
enable the chip. This procedure reduces the chip’s 
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active power consumption. The procedure is permissi- 
ble because the CS signal is internally OR-combined 
with the RD and WR signals to generate the internal 
read and write strobes. 

The PC’s interrupt controller requires an active-high 
signal, whereas the INT output of the RTC is active- 
low; you can obtain an interrupt-request signal of the 
correct polarity by using the internal output transistor 
of the interrupt generator as a source follower, and by 
connecting an external pulldown resistor to the INT 
line. Fig 3 shows the connections that achieve this 
configuration and yield an interrupt request of the 
correct polarity for the PC. 

The battery-backup circuit is extremely simple. In its 
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Custom performance, 
QuickChip ‘turnaround. 


Imagine. 

The performance, speed and reliability of 
Tektronix bipolar ICs. Plus technical 
expertise in analog design second to 
none. Together they cut a direct 
path to market without cutting 
quality for your new products. 


That’s Tek’s 
QuickCustom™ approach. 


It begins with a family of seven 
QuickChip arrays to start the design pro- 
cess. Within weeks you have analog or 
analog/digital ASIC’s in hand that meet 
your requirements. 

Tek delivers the training, graphic 
layout and simulation tools, plus access 
to an experienced Tektronix IC Design 
Engineer. You get the performance you 
need at QuickCustom prices. 


So call (800) 835-9433 
ext. 100. 


Get your hands on the semi-custom, 
analog and analog/digital IC develop- 
ment resources you'll need. Full custom 
ICs are also available. 


duit 
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WHAT ARE QUICKCHIPS? 


Analog QuickChip family: 
[] 150—524 NPN Transistors 


LJ fy typical to 6.5 GHz at 15V or 
2.5 GHz at 65V. 


Analog/Digital QuickChips: 
_] Gate propagation delay: 400 ps 
LJ Digital function library 


= 
ronbe 
COMMITTED TO EXCELLENCE 
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The oscillator circuit and board layout can 
affect the accuracy and stability of a real- 
time clock. 


5 TO 35 pF 


WLLL. 


32.768 
kHz 


Ya74HCTOO 


Ya74HCTOO 


V7 4HCTOO 


3V LITHIUM 
BATTERY 


Fig 4—Interfacing an RTC to an Apple II is extremely simple because Apple expansion slots have unique base addresses; you don’t need to 


perform any address decoding. 


simplest form, it needs only an external battery. If you 
select a lithium battery, however, you should add a 
protective diode and resistor in series with the battery 
to meet UL safety requirements. A CR2325-type bat- 
tery will provide approximately 10 years of service in 
backup mode. 

Fig 4 shows a very simple RTC interface for Apple II 
machines. The Apple II computers are very different 
from the IBM PC family in that each expansion slot has 
a fixed, unique base address. Thus, it’s not necessary to 
decode the upper address lines, because the decoding is 
done for you on the mother board. 

As in the IBM PC interface, the CS line is perma- 
nently grounded to enable the RTC. However, the 
RTC’s RD and WR lines are gated not only with the 
R/W bus signal, which selects either a read or a write 
operation, but also with the I/OSEL bus signal. This 
arrangement provides approximately 250 nsec of setup 
time between the time at which the address lines 
become stable and the falling edge of RD or WR, which 
initiates the operation. EDN 
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What do you do 
once you've created 
today’s most innovative 
design tools? 
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rows. Concept 3. 


ee Cadnetix has been looking 
© into the future. Two years of 
research, development and 
strategic planning have culminated 
ina significant breakthrough in electronic 
design. Concept 3 is more than a standard plat- 
form from Sun Microsystems? It’s 
a whole new world oF system 
design capabilities. — 
Emerging echo ioe 
demand a new set of design solu- 
tions. Advances in ASICs, high- — 
frequency components and > 
fine-line design are creating new 
challenges in engineering, design 
and manufacturing. A new level 
of CAE/CAD/CAM sophistication 
is required to get the job done, 
and stay competitive. Companies 
must have even tighter integration 
between engineering, design 
and manufacturing, plus open 
access to all the equipment 
that’s needed to produce a 
product quickly, _ 
That's why we dockins 
Concept 3, the convergence of © 
advanced design tools and open 
systems, and more. We've rede- 
signed our tools from the database ~ 
up, to meet your design future. 
Concept 3 is Flexible Field™ routing and high- 

- frequency design. It's a global data structure 
designed to handle off-grid components. It’s 
RISC-based simulation acceleration, extraordinary 
ease-of-use and a seamless data path from sche- 
matic to manufactured product. 

Concept 3 is also Cadnetix and Sun. Front-to- 
- back system design on an industry-standard work- 
station. Its a perfect fit. Both companies have 
established reputations for delivering advanced 
technology. Both are committed to open systems 
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and networking. And both base their products on 
industry standards such as UNIX? Ethernet and NFS” 
Now you get ease-of-use, state-of-the-art design, 

and a UNIX workstation that runs all Sun third- 

- party software. We take full advantage of an open 

environment, so that Sun Workstations can share 

the network with Cadnetix 
systems and DOS PCs. It’s the 
best balance of cost and per- _ 
formance available. Moreover, 
every workstation has access 
to the advanced capabilities of 
multiprocessor, RISC Engines 
for accelerated simulation, 
physical modeling or acceler- 
ated 100% routing. 

The Cadnetix CAE Sun Work- 
station is a complete desktop 
solution, with tools for schematic 

creation, analog and digital 
simulation and ASIC design. 
The CAD/CAM Sun Workstation 
includes Cadnetix’ industry- 
-famous tools for PCB layout, 
routing, tooling, assembly and 
So fm test. Cadnetix front-to-back 
==] fm CAE, CAD and CAM eliminate 
j—2——| = —  oetlists, data conversions and 


design to manufacturing hold- 
unmatched in the industry. 
‘Take a look at Cadnetix 

Concept 3. Because it isn't 

system design problems. 

You have to be ready 

seems” CADNETIX 
demand solutions today. 

Concept 3 and Flexible Field are trademarks of Cadnetix Corporation. Sun Workstation and Sun Microsystems 

are registered trademarks and NFS is a trademark of Sun Microsystems, Inc. UNIX is a registered trademark of AT&T. 


-ups. It’s a level of integration 
enough to solve today’s 
Because tomorrow's design problems 
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Large, angled marking 
surfaces for easy labeling Were 
and readability. 


soalehetemthantnpeerectmn eee tcestiateeriss 


Coding system protects 
against misconnection 
without loss of poles. 


Funnel-shaped entry 
for easy installation 
of wiring. 


EVEN 


Introducing the Weidmuller 


BLA/SLA Plug and Socke SLA Plug and Socket 


Connector System. 
For years Weidmuller ter- 


minal blocks 
and connectors 
have set the 
i standard all 
over the world 
in electrical and 
electronic con- 
licumhreayume, nection systems. 
installation and removal. N OW, Our design 
engineers have come up with 
another brilliant solution. Our 
compact new BLA/SLA 
System for machine and 
process control circuit 
boards. 

Our new design 
makes it quick and easy 
to install and repair wiring 
at the factory and in the 
field without expensive 


tools. Refinements include ° tonal cover with 


funnel-shaped wire entries, 


THE COLOR 
1S BRILLIANT. 


zinc-plated steel clamping i 
mechanism for asecure ©» 
connection. 


ester insulating material | 
of BLA/SLA connectors | 
is non-burning (UL94V-O) 
and heat and humidity 
resistant to maintain pin- 
to-pin spacing in adverse 
operating environments. 
Marking surfaces on the 
sockets are large and angled for 
ease of labeling and reading. 
The design of BLA/ SLA 


: a, connectors prevents mis- 


- alignment. And, thanks to 
our simple new coding SyS- 
tem, the BLA/SLA System 
provides protection against 
misconnection of plug and 
“socket when you're using 
Mwy more than one connector. 

4 All without loss of poles. 
Weidmuller BLA/SLA 


connectors are available in 2 to 


captive screws, and an improved 24-pole modules. They come in 


© Weidmuller, Inc. 1987 
Patents Pending 
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The glass-filled poly- J : Res i 


Non- burning, heat 
Sennen === and humidity-resistant 
insulating material. 


() Available in 2 to 24-pin 
4 vertical and horizontal 
| configurations. 


© Captive screws. 


both vertical and horizontal 
configurations. A double- 
header version is available 
for applications requiring 
even greater wiring density. 
With so many standard 
features and with such 
options as supplementary 
mechanical mounting 


Dennen in blocks and strain relief 
wiring density COvers, Were confident you'll 


find BLA/SLA 
the best system 
available for ‘S. 
connecting dis- 
crete wiring to 
printed circuit 
boards. Optional darcy 

Call or write cdditional stability 
for more information about the 
Weidmuller BLA/SLA. 

A system whose brilliance 
you'll appreciate even if you're 


color-blind. 
=\= 


ae 
You can't make a better connection.™ 


Wnite Weidmuller, Inc., 821 Southlake Boulevard, Richmond, Virginia 23236. Phone (804) 794-2877. Telex: 828376. 


Booth #1422 WESCON 


Our new 16 channel 


controller board 


multiplies performance, 


undivided 
attention. 


And that's quite an equation. 
You see, Central Data’s new CD21/3116 High 
Performance Terminal Controller board not only 
offers 16 channel capacity on a single Multibus* board 
_. we've also made sure you won't sacrifice 
performance. 


Central Data’s CD21/3116's hardware and 
firmware enable you to operate all sixteen channels 
simultaneously at 9600 baud, full duplex . . . 
without losing characters. That means you get all the 
performance you need at a lower cost per channel. 


Utilizing standard RS-232 interfaces, you can 
connect sixteen terminals to your system by mass 
terminating into two 60-pin headers. And, because 
you've only used one slot in your card cage, you can 
multiply your terminal access by multiplying your 
boards. So if you've got a lot of terminals to connect 
_.. 32, 48 64, or more... you can do it in half the 
usual number of slots. 


The CD21/3116 features an on-board 80186 


8MHz microprocessor and utilizes two SCC2698 octal 


UARTs. The board provides 128K of dual-port parity 
protected dynamic RAM. Up to 128K of EPROM and 
16K of static RAM are available to the 80186, 
allowing you the flexibility to write custom firmware, 


if required. But, with our High Performance Terminal 


Driver firmware, most applications will need 
no modification. 


*Multibus is a trademark of Intel Corporation. 
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subtracts cost per channel, 
adds flexibility 
and gets your 


We're 
equal to 
the challenge. 
At Central Data, 
we know you're working hard 
to put together new systems and ideas. So our 
designers work hard, too . . . coming up with the 
products you need to stay on top. And, we're always 
on tap to answer questions or discuss your 
application problems. For more on the CD21/31160r 
any of our Multibus and VMEbus products, call Jeff 
Tieri, our Product Manager, toll-free at 
1-800-482-0315. (In Illinois, 217-359-8010.) 
Or write us, Central Data, 1602 Newton 
Drive, Champaign, IL 61821-1098. 
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For performance 
Superiority, space saving 
design and packaging selec- 
tion, Data Display’s tri-color 
LEDs are your brilliant 
choice. As high-intensity 
red, green and amber light 
indicators, their quality and 
reliability clearly shine 
through in a T1 package. 

The tri-color LED light output is a good 21 MCD 
with wavelengths of 635 for red and 565 green. 

A milky diffused package provides an extra wide 
viewing angle. Also, you're designing in the 
dependability and competitive pricing you can 
expect from a world leader in LEDs. 


Save Space. Two LEDs in One Package. 


All of our tri-color LEDs use a bright idea to 
improve your high density packing. The T1 size 
has 2 LED chips in the same small package. Two- 
terminal operation gives red (DC +), green (DC — ). 
and amber (AC) with current of 20mA. 


FLASH OF BRILLIANCE 


Tri-Color Excellence in aT1 size from the World Leader in High-Efficiency LEDs. 


Also having the same two-terminal operation 
features is a larger 113 size. It’s ideal for lens 
illumination. Another 1134 size has three-terminal 
Operation with a common cathode. 


Choice of Packages. Shining Support. 


Data Display has a network of sales represent- 
atives and distributors to get you the quantities yOu 
want. Our complete line of LEDs includes a variety 
of packaging options—from PCB mounts including 
our new variable array to panel lights available 
with or without lenses. And we also provide 
engineering support. 

Make the brilliant choice. Call Data Display, 
TOLL FREE (800) 421-6815. Within California, 

Call (213) 640-0442. Free catalog. 


ES ee RTE TREE 
DATA 


DISPLAY 
PRODUCTS 


Your Brilliant Choice 


301 Coral Circle, El Segundo, CA 90245 
(213) 640-0442, TELEX 664-690, FAX 213-640-7639 
Please see us at WESCON, Booth #843 


INTERNATIONAL REPS: Argentina YEL SRL, PH: 541 46 2211, TLX: 390 18605 - Australia Ampec, PH: 6893522, TLX: 790 127136 AMPEC, FAX: 612 6335448 - Belgium/Holland 
Klaasing Elc, PH: 01620 81600, TLX: 844 54598 KLBDNL, FAX: 0162056500 - Denmark Radio Parts, PH: 01 333311, TLX: 855 19613 RPARTDK - France A Jahnichen, PH: 387 59 09, 
TLX: 842290714, FAX: 011311-4387-3319 - Israel R.C.M. Computers, PH: 03 476225, TLX: 922 341390 IL, FAX: 011-972-491942 - Italy Microdata, PH: 0187 988182. TLX: 8432 72070 - 
South Africa Liberty Elec., PH: 52 7637/8/9, TLX: 960 867325A SA - Spain Betatron, PH: 6942511, TLX: 831 23911 PCOE - United Kingdom Marl Int'l, PH: 0229 52430, TLX: 851 65100 MARLG, 
FAX: 0229-55155 - West Germany/Austria Kuhn GmbH, PH: 06235 5662. TLX: 841 464766 KUHND, FAX: 0623581955 
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| e Better Thin Film: 
| — Absolute T, (< 50ppm/°C) 
— Tighter linearity and 
temperature specifications 


| @ Improved Laser Trimming: 
— Does not open passivation layer 


— Superior reliability and 
long-term stability 
) e Higher yields result in 20% lower 
| prices. (Price comparison with 
Analog Devices U.S. OEM price 
me ilist, 2/1/87) 
©) ¢ Off-the-shelf from local 
distributor stock. 


— ADC-908 PM-7533 

} — ADC0820* PM-7541 
 DAC-8408 = PM-7541A 
 DAC8012 = PM-7542* 

Pl DAC-8212  PM-7543* 

DAC-8222*  PM-7545 

DAC-8248*  PM-7548 

PM-7226 PM-7574 

ee PM-7524 PM-7645 
ee PM-7528 


* Available 4th Quarter 1987 


Get the facts ... circle the reader 
service number for PMI’s CMOS 
converter booklet. 


Can't wait? Call 1-800-JIT-CMOS 


Precision Monolithics Inc. 
A Bourns Company 
Santa Clara, California, USA 


Sows 
‘ 73% 


The precision solution. 


Value for Value 


We've found a way to help you make your 


producis perform 


“Value” is more than a word at 
Nichicon. It’s even much more than 
a belief or commitment to provide 
our Customers with the highest quality 
products and services, at the fairest 
possible price. 

The “value” of Nichicon depends 
on how you, the capacitor or hybrid 
IC specifier, think about our products 
and people. It’s how you feel about 
the ways we've helped you keep your 
commitments. And it’s the result of 
how our products enhance the value 
of your products. 

That’s why we've designed and 
manufactured our capacitors and 
hybrid ICs, not just to meet, but to 
exceed your needs. After all, any 
product that fails you at incoming 
inspection or out in the field, was not 


achic 


he capacitor choice. 


ance stand out. 


of much value—no matter how little 
you paid for it. 

That's why we listen and respond. 
With a nationwide network of repre- 
sentatives and distributors. Plus, 

U.S. engineering support, and both 
OEM and distributor customer service 
depariments to answer your ques- 
tions on product availability and 
order status. 

SO go ahead. Compare Nichicon 
with your present capacitor or hybrid 
IC supplier. From service before the 
sale fo our service after your order 
has been delivered...and everything 
in between. 

Call your local Nichicon represent- 
ative or distributor or call us and ask 
for your free full-line catalog. Then 
compare us, value for value. 


927 E. State Parkway » Schaumburg, IL 60173 « (312) 843-7500 


One good idea after another. 


CIRCLE NO 178 


© Nichicon (America) Corporation 1986 


CD-player design 
requires an accurate 
16-bit D/A converter 


You can greatly simplify the design of a 


compact-disk player by using a high-speed, 
sertal input DAC that has low noise and 
low harmonic distortion. The high-speed 
feature permits you to use oversampling 
techniques in your system; the sertal-input 
capability improves the CD player's 
reliability. 


Frederick J Highton, Burr-Brown Corp 


To process the digital output of a compact disk (CD), a 
CD player requires a D/A converter that has low noise, 
low harmonic distortion, and high conversion speed. A 
DAC that operates at high speed allows for over- 
sampling of the digital stream and greatly eases your 
circuit-design requirements. You can also simplify your 
CD-player design if that high-speed DAC also accepts 
serial input. 

Compact-disk recorders employ linear pulse-code- 
modulation (PCM) techniques to sample the audio sig- 
nal at a rate of 44.1 kHz and store the resulting output 
on a CD as a 16-bit word. A 16-bit resolution is 
equivalent to a signal-to-noise ratio of 98 dB—a perfor- 
mance that is all but impossible for conventional record 
or tape players. 
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When a disk is played back, the player retrieves from 
the disk the digital words that represent the audio 
content. The CD player checks the words, corrects any 
errors in them, and assembles them into a serial data 
stream that represents the alternate left- and right- 
channel signals. 

Many systems demultiplex the information into 16-bit 
parallel outputs that correspond to a particular left- or 
right-channel sample. The 16 bits representing the 
analog amplitude of the sample are simultaneously fed 
into a DAC, which transforms the digital word into an 
output-voltage level. Thus, the DAC is the heart of the 
signal-reproduction process and the key element in 
determining sound quality. All the care taken in the 
original recording, and any error correction, is wasted 
if the DAC does not faithfully reconstruct the original 
sound signal. To design a good compact-disk player, 
therefore, you must use an accurate 16-bit monolithic 
DAC. 

In a CD player, the digital information stream ex- 
tracted from the disk combines alternate left- and 
right-channel samples. If you’re designing a lower-end 
system, you’ll probably choose to multiplex the DAC 
between channels. In such a design, the DAC must 
respond fast enough to provide two clean outputs 
during one sampling period. The DAC’s output is multi- 
plexed by an external switching circuit; the output then 
goes through a deglitching circuit between the left- and 
right-channel filters. 

Fig 1 shows the interface circuitry you need to 
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Compact-disk recording samples the audio 
signal at 44.1 kHz and stores it as a 
16-bit word; this resolution yields a 98-dB 
S/N ratwo. 


connect an existing LSI control circuit, the PCM56P 
DAC, and the left- and right-channel integrate-and- 
hold circuits. The control circuit (a Sony CXD-1130Q) 
operates at a clock frequency of 4.23 MHz and includes 
a 2X oversampling filter. The single serial output 
contains data that is decoded by the DAC and multi- 
plexed to the appropriate channel by means of FET 
switches. The FET switches are driven by signals from 
the LSI circuit’s APTR and APTL terminals. 


High-end design uses a DAC for each channel 


If yow’re designing a high-end system, you'll want to 
employ separate DACs for each channel, using support 
circuitry to steer the digital input to the appropriate 
DAC. Although it isn’t the most inexpensive scheme, 
this arrangement provides the maximum degree of 
channel separation. 

Fig 2 illustrates this type of configuration. The setup 
provides a separate DAC for each channel and includes 
deglitching circuits in the form of FET switches in 
series with the S/H amplifiers. The latch-enable output 
(CO4) generates the control signals. To prevent a 


DEGLITCH CONTROLL _| 


DEGLITCH CONTROL R_ | 


Fig I—This CD-player design uses a single DAC for both channels. The control circuit operates at a clock frequency of 4.23 MHz and 


switching race, the inverters introduce a delay. Be- 
cause of the low glitch energy of the DACs, you may not 
need deglitching circuitry; in that case, you can also 
dispense with the delay circuit. 

You can use a DAC such as the PCM56P in systems 
that employ separate DACs for each channel as well as 
in those that use one DAC multiplexed between chan- 
nels. The PCM56P operates to 4x oversampling fre- 
quencies in either of these modes, and the glitch energy 
is small enough to preclude the need for a deglitcher in 
many applications. Its digital feedthrough is minimal, 
and its combined analog and digital noise is typically 
less than 6 »V over a 20-kHz bandwidth (see box, “The 
PCM56P D/A converter’). 


Digital filter removes extraneous frequencies 


In any sampled-data system, you must band-limit the 
input signal to prevent aliasing. You must also filter the 
sampled output waveform in a similar fashion to elimi- 
nate those frequencies inserted by the sampling opera- 
tion. Because you desire the dynamic range of the 
system to be greater than 90 dB, your system must 


Fer 
SWITCHES 


includes a 2X oversampling filter. The single serial output sends data that is decoded by the DAC and multiplexed to the appropriate channel 


by FET switches. 
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attenuate these extraneous frequencies by at least that 
amount. To achieve this degree of attenuation in a 
single octave (22 to 44 kHz), you need to use a multipole 
analog filter. Such a filter is expensive, difficult to 
build, and invariably introduces distortion of both 
amplitude and phase. 

One way to overcome this problem is to turn to digital 
filtering. Although digital-filtering circuitry is very 
complex, you can easily obtain it in an economical, 
off-the-shelf LSI circuit. Digital filtering increases the 
sampling frequency by a factor of two or four. This 
increase effectively removes the frequency bands cen- 
tered around the original sampling frequency and also 
removes the harmonically related components as high 
as the new oversampled frequency. You apply digital 
filtering to the digital word before the D/A conversion 
takes place. 


LATCH ENABLE 
(CO4 DELAYED) 


DEGLITCHER 
CONTROL (C04) 


INVERTER. 
DELAY 


INVERTERS 


After conversion and deglitching, a modest amount of 
filtering will remove the remaining oversampling fre- 
quency components. For example, if your design has 4x 
oversampling, a simple, third-order, lowpass filter is 
sufficient. In addition to reducing the size and cost of 
your system, digital filtering will also reduce the sig- 
nal’s phase distortion and improve its transient re- 
sponse. One disadvantage of the process is that it 
increases the DAC’s speed requirements—the DAC 
must now operate at a greatly increased sample rate. 

When changing from one output signal to another, a 
DAC takes a finite time to reach and settle to the new 
value. In many DACs, this change is accompanied by a 
large voltage spike called a glitch. Your CD-player 
system will need to employ a sample-and-hold (S/H) 
circuit that acts as a deglitcher, removing these spikes 
as well as the possibly erroneous output associated with 


PCM56P 


CHANNEL A 


PCM56P 


CHANNEL B 


Fig 2—This high-end CD-player design provides separate DACs for each channel. The digital filter’s left- and right-channel outputs operate 
at 4X oversampling frequencies. This scheme employs deglitching circuits, and the control signal is generated from the CO4 latch-enable 


output. 
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The DAC’s function 1s to reconstruct the 
Aigital information on the CD as an exact 
replica of the original analog signal. 


the DAC’s change of state. The timing of the S/H circuit 
is such that it samples the DAC’s output only after it 
settles to the new value. During the period of the DAC’s 
output glitch, the deglitcher operates in the hold mode 
and prevents the disturbance from coupling to the 
output. After deglitching, the audio signal (now a 
pulse-amplitude-modulated wave) passes through a 
smoothing filter that removes all traces of the sampling 
frequency and its associated harmonics, thus providing 
a faithful reproduction of the original audio waveform. 

As previously stated, many DACs give rise to a large 
voltage spike at the instant they change output levels. 
The cause of this spike is often the reference-element 


loutO 


stable reference vole For t. sae 
_ a a feedback peau the | 
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voltage, which fluctuates with the switching of the bit 
currents. If this voltage spike varies with the digital 
code, as is usually the case, the output of the filter will 
contain extraneous information. This code-dependent 
information will interact with the audio signal and 
cause distortion. To prevent this interaction, you can 
employ an S/H circuit. If your design uses only one 
DAC, the S/H circuit also functions as the demultiplex- 
er. If your design uses separate DACs for each channel, 
you must follow each channel with its own deglitching 
circuit. 

The DAC’s function is to reconstruct the digital 
information as an exact replica of the analog informa- 


SJO O Vout +Vs5s ANALOG GND 
| i bE f 


aL. eon MMUE | 

: I —— | | 

| ! _jawncees | | | 
ENABLE 6 
GENERATOR. 


| 7 DATA 
U 


bln. Gock | [5 CLOCK 
CURRENT DRIVER 
SILsB | 


Shall 


i ~Ve 


P 
DIGITAL GND 


) ‘separate analog and digital suj 
re rough, ¢ and oe hee and 


"pensation, and it correct 
| drift i in both Ver and I 
ne fea ay cae 


EDN November 12, 1987 


tion used to record the digital samples. Assuming that 
the recording process was accurate and that any digital- 
word corruption during storage and retrieval has been 
corrected, the fidelity of the entire reconstruction 
process depends on the performance of the DAC. 
Traditionally, the most important specifications for 
DACs are the gain error, offset error, and integral and 
differential linearity. For industrial applications, these 
specifications are adequate to describe a DAC’s ex- 
pected performance. For audio applications, however, 
rigorous specifications of gain error and offset error are 
not important. Gain error merely appears as a small 
change in sound volume, which the listener can control. 


Offset error gives rise to a de offset voltage, which 
capacitive coupling removes. 

Instead of considering gain error and offset error in 
CD-player design, you must pay attention to a number 
of new specifications. A DAC’s total harmonic distortion 
(THD) spec, for example, is very closely related to its 
linearity. This relationship is expressed by the equation 


V Vind [E,(i)+ Kei) 
THD=;"8= = x 100%, 


RMS By RMS 


where Epms is the rms input signal level, erms is the 


employs differential current- _ 


mode logic (CML), consists of a 


straightforward arrangement 
that is more efficient than the 
traditional ECL construction be- 


cause it couples the master/slave | 
functions. The result is a saving 


of two transistors per stage—a_ 
significant saving because the 
circuit uses 16 such stages. To 


prevent the latch circuit’s emit- _ 


ter-coupled input transistors — 


from saturating, the circuit em-— 
ploys level shifting, which takes | 


place only between the three 


logic inputs and the shift regis- 


ter and latch circuits. __ 
The chip uses a single cross- 


coupled latch that occupies mini- 
mum area but requires a narrow 


pulse to operate correctly. Com- 
monly available LSI circuits 
don’t generate such a pulse, so 
the DAC generates it on chip. 


Enable pulse generator 


The DAC’s enable pulse gener- 


ator consists of a D-type flip-flop 


with a constant logical one at its — 


input. An external latch-enable — 


control signal clocks the flip-flop | 


and resets it with the next oc- 
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curring positive clock edge. The 


circult achieves the reset func- 
tion by gating the clock pulse — 


with the enable output. The out- — 


put amplifier and driver stage 
ensure the fast operation of the 
16 latches that are tied to the 
enable output. 

The DAC includes a differen- 
tially connected, lateral pnp- 
transistor pair that converts the 
input logic signal to a current 
that is returned to the negative 
supply rail. The pair operates at 
clock frequencies in excess of 30 
MHz. 

The clock driver must supply 
the 16 master/slave shift-register 


stages. This requirement repre- — 
sents a much heavier load than 
that applied to the enable out- 
‘put, and it places much greater 
demands on the driver. The 
driver circuit acts in push-pull 


mode at the clock rail outputs. 


Any capacitance on the clock — 
lines, therefore, is driven by the © 


total available current. 
The arrangement of bit cur- 


rents in the DAC is such that | 


the three most significant bits 


oe binary-weighted current 


sources, the next nine bits use 
equal current sources that are 
binary-weighted through an 
R/2R ladder network, and the © 
least significant bits use emitter 
division of a single current 
source. Differential switching 
helps to make the bit switches’ 
turn-on and turn-off times equal, 
which considerably reduces 
glitch energy. The chip mini- 
mizes digital feedthrough by 
using differential circuitry for all 
clock signals and data signals 
throughout the shift-register and 
latch stages. 


Output amplifier 
The DAC’s output amplifier is. 


_ atypical op-amp structure that — 


uses a phase splitter to drive an 


- all-npn output stage. It produces 


the 3V (peak) audio-output level 
required for CD-player systems. 
The amplifier has a typical open- 
loop gain of 90 dB and a unity- | 
gain bandwidth in excess of 4 
MHz. The amplifier can drive 
8-mA load currents. It gives the 
DAC an overall settling time of | 
1.5 psec for an Eatpy eee 


change of 6V. 
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GEORGE RISK INDUSTRIES, INC. 
GRIPLAZA ¢ KIMBALL, NEBRASKA 69145 
TELEPHONE (308) 235-4645 TWX 910-620-9040 


HEY 


STANDARD KEYBOARDS 


17.245 L x 8”’ W - in enclosure 
15.75 L x 662 W - no enclosure 


MODEL 8000 


* State-of-the-art microcomputer controlled keyboard, 95 keys, in- 
cluding 19 special function keys ¢ High reliability performance e 
Four-wire serial interface, 300 or 1200 baud * Unique variable key 
rollover with phantom key lockout ¢ High speed operation with NO 
input errors © Ergonomics design. 


¢ Unencoded 


wiring, 1 of 16 or * Parallel or serial 
X-Y matrix RS232 output 

* One side of each * Custom keyboard 
keyswitch is encoder ¢ Full 7-bit 
common ASCII characters. 

* Design to be 


used with custom- 
supplied encoding. 


CUSTOM KEYBOARDS 


Built to your exact specs & drawings, illuminated and non- 
illuminated, for air traffic control, process control, special 
data entry, etc. MIL and commercial. 


PUSHBUTTON SWITCHES 
DRY CIRCUIT & LOGIC SWITCHING 


SPST - NO, NC; DPST - NO, NC - Available in 4 form A or B - Illuminated and non-illuminated 
Hi-rel - 50 million - Mounting collars and buttons available 


PROXIMITY SWITCHES 
Call us today for more information! 
WESCON Booth #2649 
CIRCLE NO 26 
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error level compared to the input, n is the number of 
samples in one cycle, E,(i) is the linearity error at a 
specific sampling point, and EQ(i) is the quantization 
error at that sampling point. 

Because the error of a particular digital code is a 
unique summation of bit errors, PCM DACs usually 
specify THD that’s measured with digitally coded sine 
waves of differing amplitudes; this specification gives a 
much clearer indication of the DAC’s actual perfor- 
mance. 

The DAC you use in a CD-player design must satisfy 
some very demanding specifications. For example, to 
achieve the extremely low levels of harmonic distortion 
that the industry has become accustomed to, you must 
use a DAC that has at least 14-bit accuracy and 15-bit 
monotonicity, and the serial-input function must not 
compromise linearity or noise performance. To accom- 
modate 4X oversampling and the simultaneous multi- 
plexing between channels, the DAC must handle clock 
speeds in excess of 8.5 MHz and have fast-settling 
characteristics. Because of these higher speeds, your 
CD-player system will probably need a deglitcher with 
a shorter time constant, so the DAC you choose should 
also have sufficient output-drive-current capability. 
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Speed 
® 6.4MHz bandwidth 


@ 35V/us slew rate 
® 1Ius settling (0.01% 
® Unity-gain stable 


Accuracy 


© +250yuV offset max 
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With 242 passengers on final approach 
into O’Hare, the last thing theyre thinking 
about is your voltage regulator. 


For devices with a critical performance 
envelope — devices that ave to deliver, 
especially in harsh environments or haz- 
ardous conditions — you never compro- 
mise reliability. 

And neither do we. 


RELIABILITY FOR 
FOUR GENERATIONS 


National has set the standard for 
reliability in IC voltage regulators since we 
introduced the world's first 3-terminal 
fixed regulator in 1970. 

And we ve maintained that standard 
into our fourth generation, in the world’s 
first — and largest — family of low dropout 
(LDO) voltage regulators. 

Fabricated in a deep-base PNP process, 
our LDO regulators give you low quiescent 
current (0.75 mA typ), low dropout voltage 
(input-output differentials of 0.6 V typ), 
tight line-to-load regulation (0.05% typ), 
low output noise (150 uVpus typ), and high 
ripple rejection (60 dB typ). 

Which not only means you can 
design-in the highest levels of reliability, 
but means you can design smaller, cooler, 
quieter systems that operate with lower 
input voltages. And that means you can 
boost system efficiency by 30-50% while 
cutting system cost substantially. 


RELIABILITY FOR 
EVERY APPLICATION 


National LDO regulators give you a 
choice of single-output, dual-output, and 
three-output configurations. 


© 1987 National Semiconductor Corporation 
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All with 60-volt load-dump and 
reverse-transient protection. And all with 
“drop-in” design ease, regardless of your 
applications: 

Avionics 

Marine electronics 
Cellular telephones 
Computer power supplies 
Medical instrumentation 
Automotive systems 
Battery-powered systems 
CMOS-based systems 
Solar-powered systems 

And you can choose from a variety 
of packages, including TO-220, TO-92, 
8-pin miniDIP, and small outline (SO) 
surface mount. And soon, mil-spec TO-3 
steel cans. 

And, in addition to our LDO family, 
National has 478 other voltage regu- 
lators — positive and negative, fixed and 
adjustable, switching and tracking — 
to match your exact design needs. 


RELIABILITY FOR 
NO EXTRA COST 


At National, we subject all our LDO 
regulators to the most rigorous reliability 
screening flow in the industry. 

Our unique P+ Thermal Limit Burn-in 
program is an abnormal test for devices 
that have to perform in potentially 
abnormal conditions. 

Going beyond even A+ screening, P+ 
involves a dynamic self-heating accelerated 
burn-in that tests a device at thermal 
shutdown. This approach has been proven 
more effective than standard 125°C burn- 
in as an early screen for infant mortality 
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defects in power devices, such as regulators. 
The result of P+? Zero defects. 
The cost of P+? Zero price adder. 
Which means you get the highest reli- 
ability available in the industry, while 
sharply cutting the cost of your own 
incoming testing program, and without 
having to pay a price premium for ours. 
For more information on P+ ask your 
National sales engineer or distributor 
for a free copy of “The Secret Behind the 
Most Reliable Voltage Regulators in the 
World.” And see for yourself how this 
unique screening program gives you 
devices you can depend on — for the 
people depending on you. 


National’s Low Dropout Regulator Family 


LM2925 — Lowdropout, 5 V, 750 mA with 
delayed reset 


LM2930 


Low dropout, 3-terminal, 5 Vor 8 V, 
150 mA 


LM2931 Low dropout, low quiescent current, 


5 Vor adjustable, 100 mA 


LM2935  Lowdropout, dual 5 V for memory 


keep-alive, 750 mA or 10 mA 
Low dropout, 5 V, 12 V, or 15 V, 1A 


Low dropout, micropower, 5 V or 
adjustable, 100 mA 


Low dropout, 3 tracking 5 V outputs 
with watchdog 


LM2940C 


LP2950/ 
2951 


LM2984 


National Semiconductor 
Linear Solutions 

P.O. Box 58090 

Santa Clara, CA 95052-8090 


National 
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IRC SURFACE-MOUNT RESISTIVE PRODUCTS 
OPEN-UP ANEW WORLD OF APPLICATIONS. 


Standard and custom devices — one source for all 


From one source you can get virtually every type of discrete resistor and resistor network that 
can be produced in a surface-mount configuration. All fabricated with proven IRC 
materials and resistor elements — so reliable performance is a sure thing. of0 
IRC was one of the first to offer surface-mount power wirewounds, and our , nes 
RG Glaze® power chips are the smallest available. ¢ gu" gin 
Our TaNFilm® technology produces resistor networks with exceptional stability, gy nftl ok at 
nG 


tight tolerances, close TCR tracking, and low noise. These networks, and our 50% sf0 

chip resistors, also meet or exceed military requirements. ral nes” 
If your surface-mount design requires custom-adapted resistors, tl ore 

no problem. And no long wait, either. gle go 
We're the one source to know, as you move ahead into the world “99” 95 00™ 

of surface-mount. For product specs or application assistance, O° ctl? ‘ 

contact us: IRC, Inc., Greenway Road, PO. Box 1860, Ph pv ore 

Boone, NC 28607. Phone 1-800-255-4-IRC. ger 4 


(In NC, 704-264-8861.) _ 


= 


~~ The Resistor People 


- A member of the Crystalate Group 
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CONFIGURE-YOUR-OWN 
_ MIL SPEC ¢- HIGH RELIABILITY 


POWER SUPPLIES 


_ INTRODUCING EL 2000 SERIES 
Complete AC to DC and DC to DC multi output systems. 


ORE CHOICES 
= Up to 8 DC outputs to 500 watts. 


ave Space: Completely protected AC-DC systems _ 


with rugged high density packaging to 8 watts/in®. = 1g, 3¢ and DC inputs. 
ess Heat: Efficiencies to over 80% with next m—55°C to + 85°C operation. 
generation circuitry. m Mil-Std-704A-D, 1399 and 1275 input 
_ Higher Reliability: MTBF to 500,000 hours with surge and spike protection. | 
conservative design criteria including NAVMAT = Meets many provisions of Mil-Std-810D, 
guidelines. Mil-E-5400 and Mil-E-16400. : 
Call or write for our new EL 2000 Catalog today! 
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- ARNOLDMAGNETICSCORPORATION: © 
4000 Via Pescador, Camarillo, California 93010-5049 | “CIRCLE NO 181 
Phone: (805) 484-4221 « TWX 910-343-6468 ¢ FAX: (805) 484-4113 __ | : 
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Digital signal-synthesis 
tools model real-world 
environments 


High-speed digital signal synthesizers can 


Zenerate test signals that exhibit varying 
degrees of distortion and noise. The flext- 
bility and repeatability that the digital 
tools offer can help you test electronic sys- 
tems ranging from magnetic disk drives to 
television receivers. 


Karen Kafadar, Hewlett-Packard Co 


Digital signal synthesis can serve as a powerful tool in 
electronic-system test applications. The technique al- 
lows you to define a variety of waveforms in software; 
you then download the data to a waveform synthesizer 
to generate the corresponding real-life signals that you 
can use to characterize the equipment under test. 

Noise—a characteristic of any operating environ- 
ment—is of particular importance in test applications, 
and a waveform synthesizer’s ability to generate quan- 
tifiable noise allows accurate determination of the per- 
formance margins of a system under test. In contrast, 
noise generation by other methods (for example, by 
noise diodes or resistors) is often difficult to character- 
ize or is not repeatable, making accurate, consistent 
test results difficult to obtain. 
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One system that employs digital signal synthesis is 
the HP8770 arbitrary waveform synthesizer, or AWS, 
which works in conjunction with a computer running 
the WGL waveform-generation language (see box, “A 
look at an arbitrary waveform synthesizer”). The 
HP8770 can implement an algorithm for generating 
nearly Gaussian noise. 


A waveform-synthesis example 


As an example of how the AWS and WGL generate a 
digitally synthesized waveform, consider a pulse wave- 
form with the following characteristics: 

@ 40-nsec rise time (0 to 100%) 

@ 200-nsec pulse width (at 100%) 

@® 56-nsec fall time (100% to 0) 

@ 2-usec period. 

Because the AWS spaces waveform points 8 nsec apart 
(which corresponds to a 125-MHz rate), the pulse train 
requires 2 wsec/8 nsec=250 points: The rise time re- 
quires 40 nsec/8 nsec=5 points; the pulse width re- 
quires 200 nsec/8 nsec=25 points; the fall time requires 
56 nsec/8 nsec=7 points; and the rest of the points are 
zeros. The points are generated in WGL by using 
straight segments and are stored in a macro where they 
can be called repeatedly. 

Noise can be added to this signal by calling a simple 
WGL command labeled NOISE. This command gener- 
ates a noise waveform whose points are independent 
and whose amplitudes are uniformly distributed. An 
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Digital synthesis tools can produce test sig- 
nals with varying degrees of notse, distor- 
tion, or signal variations similar to those 
encountered in real-world environments. 
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A look at an arbitrary waveform synthesizer 


The HP8770S arbitrary wave- 
form synthesizer (AWS) uses 
digital signal synthesis to create 
waveforms in the frequency 
range of de to 50 MHz. Digital 
data is created on a computer 
running a Waveform Generation 
Language (WGL) and down- 
loaded to the synthesizer. Used 
together, WGL and the AWS 
can produce test signals with 
varying degrees of noise, distor- 
tion, or signal variations similar 
to those encountered in real- 
world environments. 

A simplified block diagram of 
the HP8770S AWS system is 
shown in Fig A. The first step is 
the design of a waveform in 
computer software, which here 
is depicted as WGL running on 
an HP9000 Series 200 or Series 
300 computer. (Table A lists 
some WGL commands. ) 

Next, the waveform data is 


TABLE A—REPRESENTATIVE COMMANDS OF THE 


HP SERIES 200 CONTROLLER RUNNING 
WAVEFORM GENERATION LANGUAGE (WGL) 


HP 8770A AWS 


r———— 3 
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16kx12 BITS : Ee | 
16k x12 BITS WAVEFORM CONSTRUCTION 
T6kx12 BITS 


MEMORY CONTROL 
128k-WORD MEMORY BANK 


P38 | 125-MHz CLOCK 


Fig A—In this arbitrary-waveform-synthesis system, the AWS is interfaced to an HP 
Series 200 controller running WGL. 


downloaded into the 128k-word them to a 12-bit DAC, which 
AWS memory, which is parti- yields 0.024% amplitude resolu- 
tioned into eight sections of 16k tion. The DAC can generate 
12-bit words. A multiplexer se- samples at a 125-MHz rate 

lects one word at a time from (eight samples every 64 nsec). 
each of the sections and sends __—_—«smcThe DAC is followed by a sam- 
pler, which smooths the transi- 
tions between samples, and by 


WAVEFORM GENERATION LANGUAGE an anti-aliasing filter, which 


COMMAND 


eliminates power beyond 50 
OPERATION MHz. An amplifier raises the 


CTX SET CONTEXT OF WAVEFORM smoothed output level to a +1V 
DEFINE CREATE NEW WGL COMMAND DEFINITION . 
DOWNLOAD | STORE COMPUTED WAVEFORM DATA INTO AWS MEMORY level (more amplifiers may be 
FDOMAIN OPERATE IN FREQUENCY DOMAIN added for higher output levels). 
DETERMINE PARAMETERS FOR SINE WAVE ; 
GENERATE WAVEFORM IN AWS Finally, a programmable output 
CONVERT SPECIFIED FREQUENCY INTO HERTZ attenuator scales the waveform’s 
FILL ALL ELEMENTS OF WORKING WAVE WITH SPECIFIED VALUE :; 
FILL ALL ELEMENTS OF WORKING WAVE WITH UNIFORM NOISE [-1, 1] amplitude to power levels rang- 
SCALE WORKING WAVE TO [-1, 1] ing from +10 to —100 dBm. 
PACKET DEFINE PACKET WITH WAVEFORM NAME AND NUMBER OF The DAC’s 125-MHz sampling 


REPETITIONS 


Pl CONSTANT 3.1415926536 


RAMP CREATES A RAMP (LINE) FROM —1 TO 1 IN PRESENT WINDOW : : 
STORE STORE WAVEFORM (A, B, C, D, E) entire 128k-word memory in less 


TDOMAIN OPERATE IN TIME DOMAIN 


rate allows it to run through the 


than 1.05 msec. However, a 


TOBD CONVERT DECIBEL VALUE TO LINEAR VALUE ; 
TOLIN CONVERT LINEAR VALUE TO DECIBELS memory sequencer allows repeti- 
TOTIME CONVERTS A TIME DOMAIN SIGNAL TO THE FREQUENCY DOMAIN tion of packets, or sections of 
TOFREQ CONVERTS A FREQUENCY DOMAIN SIGNAL TO THE TIME DOMAIN ave 

WINDOW ‘| SELECT PORTIONS OF ENTIRE WAVEFORM FOR MANIPULATION memory, thus permitting gener- 
XY EXCHANGES WAVEFORMS IN CURRENT AND AUXILIARY LOCATIONS ation of waveforms of durations 


NOTE: THE COMMANDS EMULATE THOSE OF A CALCULATOR USING RPN. much longer than one milli- 


second. 
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oscilloscope recording of the pulsed train along with 
additive noise generated by the NOISE model is shown 
in Fig 1. The WGL command TOFREQ computes the 
amplitude and phase spectra required for frequency 
analysis. Fig 2 shows the amplitude spectrum of the 
pulse train and the additive noise when the amplitude 
spectrum is downloaded to a spectrum analyzer. 


An algorithm for generating nearly Gaussian noise 


Although the noise components of the Fig 1 wave- 
form are easy to generate using a single WGL com- 
mand, the added noise has uniformly distributed ordi- 
nates, and observation of Fig 2 shows that the noise 
power spectrum is not flat—rather, it contains discrete 
components of variable amplitude. These components 
are related to the sequence length of the pseudorandom 
code used to generate the noise. In this case, the 
sequence length is 2000 pseudorandom words, which 
are generated every 8 nsec, thereby producing periodic 
spectra every 62.5 kHz (the inverse of 16 psec). 

In contrast, consider the desirable properties of a 
digitally synthesized noise waveform for test applica- 
tions. First, the waveform should have a nearly flat 
power spectrum. The theoretical power (or amplitude) 
spectrum of an infinitely long and continuous noise 
waveform is constant—that characteristic defines white 
noise (Ref 1), and such a waveform permits rapid 
detection of nonlinearities in system response. Unfortu- 


37.52 ~SEC 39.52 wSEC 41.52 »SEC 


CH 1=500.0 mV/DIV 
TIMEBASE=400 nSEC/DIV 


OFFSET =0.000V 
DELAY =39.52 SEC 


Fig 1—This oscilloscope recording shows a pulse train contami- 
nated by uniformly distributed noise generated by the WGL’s NOISE 
command. 
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nately, the length of digitally synthesized waveforms is 
limited by memory, and such waveforms aren’t continu- 
ous because of sampling. Further, aliasing, waveform 
repetition, and computational Fourier transformation 
result in a discrete spectrum. Nevertheless, an algo- 
rithm that simulates white noise should account for 
these realities and produce a power spectrum that’s as 
nearly constant as is feasible. 

Second, the noise waveform should exhibit zero auto- 
correlation for all nonzero time shifts. If a waveform is 
truly noisy, then knowledge of its value at any time 
point provides no information whatsoever about its 
value at any other time point. Such a waveform is said 
to be uncorrelated with itself (except at zero time shift, 
for which the correlation is, of course, one); white noise 
has this property. Because any digitally synthesized 
signal is necessarily discrete and periodic (it is repeated 
many times), the autocorrelation will also be periodic, 
taking the value 1 at time shifts that are integral 
multiples of the length of the sequence. For all other 
time shifts, the autocorrelation function should be zero. 

Third, the desirable waveform should have Gaussian 
distributed ordinates. A Gaussian waveform has the 
property that the joint distribution of any set of wave- 
form values is Gaussian. 

Fourth, the waveform should be easy to implement in 
software; the algorithm should not be computationally 
intensive. 


REF=20.0 dBm 


10 dB/DIV 
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START =4.97 MHz 
RES BW=10 kHz 


STOP=6.52 MHz 


VBW=30 kHz SWP=46.5 mSEC 


Fig 2—The spectrum-analyzer display of the pulse train shown in 
Fig 1 demonstrates that the spacing (62.5 kHz) of the noise spectral 
components is determined by the 16-sec period of the noise-wave- 
form period. 
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When one sequence of 2048 samples is used 
to generate noise, the difference between the 
actual and the theoretical Gaussian distri- 
bution 1s less than 5%. 


The first and third properties jointly define Gaussian 
noise, which is representative of noise found in typical 
operating environments. It’s possible to develop an 
algorithm in WGL that generates a noise waveform 
that is more nearly Gaussian than is the one that results 
from the NOISE command. Although the algorithm 
(which is derived in the following paragraphs) requires 
more than one WGL command to generate Gaussian 
noise, it is still easily implemented and can be stored in 
a macro for repeated use. 


Derivation of the noise algorithm 

If x, represents a series of N noise-waveform samples 
taken at intervals of t=0, 1,2, ..., N—1, the discrete 
Fourier transform of these samples is defined by: 


N-1 
J(w) = > x(tei. 
t=0 


The power spectrum of x, is denoted by S8,(w), where 
S.(@) = |J(w), 


and the phase spectrum is denoted by P,(w). Note that 
the amplitude spectrum is the square root of S,(w). 
Typically, the power spectrum is computed at a 
discrete set of frequencies. The set of frequencies 
denoted by w,=27k/N for k=0, 1, 2,..., N-1 is 
convenient for many reasons—one being the orthogo- 
nality property: Products of sines and cosines at differ- 
ent Fourier frequencies cancel when summed over the 
range of the time series. Because of this property, if 


M 
X= > cos(ant + dn), M=[(N-1)/2], 


m=1 


(1) 


then 
Sx(@x) = N’*/4, 


independent of the frequency «,, for all k=1 through 
N-1, regardless of the value of $,. (Here, M is the 
greatest integer in the number [(N—1)/2].) Thus, the 
power spectrum is constant at the Fourier frequencies. 

Because this fact holds for any values of on, it’s 
easiest to choose them at random from a uniform 
distribution. Here, the phases are determined by multi- 
plying each of M repeated calls to a uniform random 
number generator by 27. The random-number genera- 
tor used in WGL is a version of Marsaglia’s Super- 
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Duper generator (Ref 2, pg 500). 

Illustrating the constancy of the power spectrum of x; 
defined in Eq 1 is easiest in complex exponential 
notation. Because cosd=(e*+e*)/2, then 


N-1 M 
J(o,) = dX > etlemt+dmerient 


t=0 m=1 


M N-1 
m=1 t=0 


_ for m#k 
(N/2)e)*k for m=k, not 0 or N/2. 


Hence, 


2 
Joye =~. 


(The values m=k=0 or N/2 aren’t possible because they 
don’t fall within the defined range m=1 to [(N-1)/2].) 
Because the waveform is periodic—x; repeats many 
times—its power spectrum is discrete; that is, spectral 
lines of power are nonzero at frequency spacing 1/N, 
where N is the length of the nonrepeating segment of 
the waveform. These spectral lines are all of equal 
height, and as N approaches infinity, they become 
closer, thus making the power spectrum more nearly 
continuous. 

The phase spectrum of x, at the discrete frequencies 


Wi is 
}, 


with the sign chosen appropriately. When x is gener- 
ated via Eq 1, then 


N-1 N-1 
P,(@;) = tan“ +>’ x,sin (wt) / S) X:COS (w,t) 
t=0 t=0 


N-1 
S) x,sin (wt) = (N/2)sin(¢,) 
t=0 


N-1 


S) x.cos (wt) = (N/2)cos(¢y). 


t=0 


Therefore, P,(w;)=;,. Thus, the phase spectrum, calcu- 
lated at the discrete Fourier frequencies, is the set of 
uniformly distributed random phases used to generate 
Xt. 

This derivation suggests that the use of the uniform 
distribution in generating the phases in Eq 1 is more 
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than merely convenient, because the distribution of the 
phase-spectrum ordinates for a truly stationary Gaussi- 
an signal is uniform (Ref 3). (This fact is a consequence 
of the computations, not a defining property of Gaussi- 
an white noise.) Because x, as generated by Eq 1 is 
discrete (that is, N is finite), its distribution is Gaussian 
only asymptotically (that is, it is Gaussian only at N 
equals infinity). Nonetheless, when Eq 1 uses uniform- 
ly distributed phases on the interval [0, 27], the phases 
are recovered exactly, so the distribution of the phase 
spectrum for x, agrees with that for Gaussian white 
noise. 

The autocorrelation function for the series of x; 
samples is 


p(k) = cor{x,, Xt = ave{x Xi}/var{xX:}. 


When x is generated by Eq 1, it can be shown that 


M 
ave{x.Xtu,¢ = >) cos(@mk)/2, M-[(N=1)/2], 


m=1 


and so 


1 fork =0,N,2N,... 
p(k) = J _1/M for k even (not 0, N, 2N,...) 
0 for k odd. 


Note that as N approaches infinity, p(k) approaches 0 
for all values of k except k=0, therefore satisfying the 
property that a waveform should exhibit zero auto- 
correlation for all nonzero time shifts. Because the 
signal is in discrete time at the synthesizer stage, its 
autocorrelation function is essentially zero at nonzero 
time shifts up to the length of the sequence. The 
antialiasing filter after the D/A conversion creates a 
continuous time signal and, for large N, is unlikely to 
alter appreciably the autocorrelation beyond a few time 
shifts. Thus, the waveform has negligible auto- 
correlation and most likely can’t be distinguished in 
practice from random sequences. 

As aresult of choosing pseudorandom phases for x; in 
Eq 1, the value of x, becomes the sum of independent 
random quantities and, therefore, has a nearly Gaussi- 
an probability distribution. This is due to the Central 
Limit theorem, so called because of its central impor- 
tance in probability theory. When 4,, is uniformly 
distributed between 0 an 27, cos(w,t+,,) has a proba- 
bility distribution that is far from Gaussian. Yet, 
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Q7 


ave{cos(wmt + dm)} = (27)! [costo + ¢,)ddm = 0 
0 


QT 
var{cos(w@ pt + d,)} = (277)! [cost wnt + dn)ddm = 1/2. 


0 


The Central Limit theorem states that the sum of the 
M=[(N-1)/2] independent terms (that is, x,) has a 
distribution that is nearly Gaussian with a mean of zero 
and a variance M/2. This result is asymptotic; the 
approximation improves as N increases. If x, is multi- 
plied by 2/VN—2 when N is even and by 2/VN—1 when 
N is odd, x; is normalized to have a unit variance, and 
thus a unit root mean square. 

How close to a Gaussian distribution is the actual 


distribution of x, when generated via Eq 1? The Berry- 
Esseen theorem (Ref 4, pg 300) gives an upper bound 
on the difference between the actual probability distri- 
bution and the corresponding theoretical Gaussian 
probability distribution. For a normalized random se- 
quence of length 2048 generated by Eq 1, the differ- 
ences between the actual and the Gaussian distribu- 
tions never exceed 3%; the Berry-Esseen upper bound 
is 5%. 


Generating nearly Gaussian noise in WGL 


Evaluation of x, via Eq 1 is very slow, because each 
time point requires M=[(N-—1)/2] cosine evaluations. 
However, x, may be recognized as the result of an 
inverse Fourier transform, for which an FFT algorithm 
is appropriate (Ref 3, chapter 4). Using WGL, in the 
frequency domain with full scale set to 1, a constant is 
loaded into the magnitude vector, and the phase vector 
is filled with uniform noise. (Because most uniform 


TABLE 1—WGL COMMANDS FOR 
GENERATING A WHITE-NOISE WAVEFORM 


COMMAND 


FDOMAIN 
2049 CTX 
1.0 LOAD 


OPERATION 


TRANSFER TO FREQUENCY DOMAIN 

CONTEXT OF WAVEFORM USES N+1 POINTS 

LOAD ONES IN THE FIRST (AMPLITUDE) 
VECTOR 

LOAD 0 IN THE OTH POSITION (DC 
COMPONENT) 

XY INTERCHANGE: AMPLITUDE WITH PHASE 

NOISE PI* | LOAD PHASE VECTOR WITH NOISE SCALED 

BETWEEN —7a AND +77 

XY INTERCHANGE: PHASE WITH AMPLITUDE 

TOTIME GO TO THE TIME DOMAIN (INVERSE FFT) 

DOWNLOAD | DOWNLOAD SEQUENCE INTO AWS MEMORY 

GO GENERATE WAVEFORM WITH AWS 


0 0 STOREIN 
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A nearly Gaussian noise model is easy to 
generate using a few commanas. 


random number generators are on the interval [0, 1], 
the output must be scaled to the interval [0, 27], or, 
equivalently, [—7, w].) Transforming to the time do- 
main gives the inverse Fourier transform, using an FFT 
routine if N is a power of 2, or by direct computation 
(discrete Fourier transform) if it is not. Clearly, lengths 
that are powers of two are advantageous for generating 


Gaussian white-noise waveforms for purposes of compu- 
tational speed. 

The samples are then converted to the time domain 
via an inverse FFT. To generate a sequence length of 
2048 samples, the commands listed in Table 1 can be 
executed interactively or stored in a macro. (Fig 3 
illustrates the resulting waveform.) The sequence re- 


TABLE 2—WGL MACROS FOR GENERATING A TEST WAVEFORM 


WGL COMMAND: 0 20 9 11 10 SIGNOISE 


MACRO SIGNOISE: AVG SNR flower furrer CFREQ SIGNOISE 
GENERATE A WAVEFORM SIGNAL+NOISE, WHERE THE CARRIER FREQUENCY OF THE 
SIGNAL IS CFREQ, AND THE NOISE, CONCENTRATED IN BANDWIDTH BETWEEN f, owen AND 
furpern, HAS MEAN AVG AND SIGNAL-TO-NOISE RATIO WITH THE SIGNAL SNR. 


COMMAND 
DEFINE SIGNOISE 


STORE CFREQ DOWN STORE FUPPER DOWN 
STORE FLOWER DOWN STORE SNR DOWN 


STORE AVG 

8193 CTX FDOMAIN 

125E6 4/CLOCK 

FLOWER 15.625/8193* INT STORE W1 
FUPPER 15.625/8193* INT STORE W2 
CFREQ 15.625/8193* INT STORE WC 
2 SQRT INV SNR TOLIN/STORE RMS 
GWN 

2 SQRT INV? 

RAMP PI WC**SIN? STORE X 


SQ SUM SIZE MAX SWAP/SQRT? 


XA +? 

“TEMP;AUTO”S DOWNLOAD 
"INT;4”"S AWSCLOCK 

GO 

END 


MACRO GWN: 


RESULT 
MACRO DEFINITION 
STORE MACRO ARGUMENTS 
IN STACK 


MAX CONTEXT IN FREQUENCY DOMAIN 

IMPROVE FREQUENCY RESOLUTION 

VECTOR ELEMENT FOR flower 

VECTOR ELEMENT FOR fuppea 

VECTOR ELEMENT FOR CFREQ 

CALCULATE RMSyoise 

CALL MACRO GWN 

CALCULATES RMS OF SINE WAVE 

SIGNAL AT CFREQ, STORED AS WAVEFORM 
X 

CALCULATES ACTUAL SIGNAL-TO-NOISE 
RATIO 

ADD NOISE TO SIGNAL AND DISPLAY — 

DOWNLOAD WAVEFORM FROM FILE TEMP, 
AUTO SCALE, INTO AWS MEMORY 

GENERATE WAVEFORM WITH AWS 


GENERATE A GAUSSIAN WHITE NOISE WAVEFORM, MEAN AVG AND ROOT MEAN SQUARE 
RMS, IN THE WINDOW CORRESPONDING TO ELEMENTS OF THE FREQUENCY ARRAY BE- 


TWEEN W; AND Wo. 


COMMAND 


DEFINE GWN 

0 LOAD XY 0 LOAD 
W1 W2 WINDOW 
NOISE PI* 

XY 

AVG 0 STOREIN 
We2 W1-2/SQRT INV RMS* LOAD 


FULL? 

TOTIME ERASE STORE A 

AVG-SQ SUM SIZE MAX SWAP/SQRT? 
A? 

END 
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RESULT 


MACRO DEFINITION 

CLEAR PHASE AND AMPLITUDE VECTORS 

OPERATE ON ELEMENTS W, TO Wo ONLY 

GENERATE UNIF [- 7, 7] RANDOM PHASES 

CHANGE FROM PHASE TO AMPLITUDE VECTOR 

LOAD AVG IN DC COMPONENT 

MULTIPLY WAVEFORM SO ROOT MEAN 
SQUARE=RMS 

DISPLAY GWN WAVEFORM 

WAVEFORM IN TIME DOMAIN STORED AS A 

CALCULATE, DISPLAY ACTUAL RMS OF WAVEFORM 

DISPLAY WAVEFORM 
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The new T I-60 is better 
than the best-selling advanced 
scientific ever. 


We know, 
because we made 
that one too. 


No one knows the advanced 
scientific calculator market better 
than Texas Instruments. Because 
no one has sold more advanced 
scientific calculators than we have. 

The new TI-60 has 124 of the 
most commonly used functions to 
help you get your work done faster 
and more reliably. 


©1987 TI. 


Functions such as: hexadecimal/ 
octal conversions, integration using 
Simpson’ rule, statistics including 
linear regression and trend line 
analysis, and metric to English 
conversions. 

In other words, lots of built-in 
power to provide you with quick, 
reliable solutions to a wide variety 
of engineering problems. 

The TI-60 is also programmable 
up to 84 keystrokes. Which allows 


you to solve repetitive calculations 
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in the shortest amount of time. 
And there are 12 constant memory 
locations that store data for future 
use and an “easy-touch” keyboard to 
help get your work done even faster. 
The new TI-60 Advanced 
Scientific Calculator. It’s better than 
the best-selling advanced scientific 


ever. And we should know. After all, 


we made that one too. 43 


TEXAS 
INSTRUMENTS 


One algorithm relies on the Central Limit 
theorem to produce noise that has a nearly 
Gaussian probability distribution. 


peats approximately every 16 psec, which corresponds 
to 2048 x8 nsec. The macro can be modified to generate 
Gaussian noise with a specified mean and standard 
deviation (rmsyojsz) by multiplying the waveform by 
2(rmsnoise)/V N—2 and loading the mean value for the 
de component of the spectrum. 


Generating real-world test signals and noise 

The AWS provides a flexible tool for testing electron- 
ic devices such as receivers. One such test is to subject 
the receiver to a test signal that is contaminated with 
noise. When the noise is modeled by a source that has a 
flat power spectrum, the signal and noise test wave- 
form can be used to measure signal degradation and 
nonlinearities in the receiver’s power spectrum. A 
convenient method for specifying the amount of noise is 
the signal-to-noise ratio (SNR): 


SNR=rmsgicnaL/rMSyoise, 


where rmsgicnat 1S the root mean square of the test 
signal and rmSsyoisr is the standard deviation of the 
noise. 

Table 2 describes a macro that generates a 10-MHz 
test signal and additive noise using the noise algorithm 
expressed by Eq 1. The noise has a 0 mean and is 
confined to a 2-MHz frequency band about a center 
frequency of 10 MHz. An SNR of 20 dB is specified. An 
expedient of the noise routine is that noise levels and 
bandwidths are easily altered. Fig 4 shows a spectrum- 


REF=11.3dBm ATTEN=30 dBm 


TH : 
CCA 
CCST 
COOP 
COO RE 
CCR 
COC 
CAC 
COAT 
COAT 


VBW=300 Hz 


CENTER=10.00 MHz 
RES BW=100 kHz 


SPAN=5.00 MHz 
SWP=500 mSEC 


Fig 4—This spectrum-analyzer display shows a 10-MHz test signal 
contaminated with noise that is bandlimited to 2 MHz. The noise has 
a nearly Gaussian distribution with an SNR of 20 dB. 


analyzer display of the test waveform generated by the 
AWS. 

Under some circumstances, the use of a 
pseudorandom noise waveform might not be appropri- 
ate. Tests on certain electronic devices may involve not 
only Gaussian white noise, but also other types, such as 
1/f noise or thermal noise. In such cases, a waveform 


REF=0.0dBm ATTEN=10 dB 
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STOP=75 MHz 


RES BW=30 kHz VBW=100 kHz SWP=225 mSEC 


Fig 3—The WGL commands listed in Table 1 yield the signal that is illustrated by these oscilloscope (a) and spectrum-analyzer (b) 


displays. 
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We Have the Best Names 
in the Business 


GENERAL PURPOSE # DATA ACQUISITION = RF MICROWAVE 
TELECOMMUNICATIONS # DIGITAL DESIGN = DATA PRODUCTS 


We’re Your One-Stop Shop for All Your 
Digital Design Needs. 


RENTAL ¢ LEASE e¢ PURCHASE 


List Price 
ES-68000-BP Satellite Emulator for 68000 with board and probe. $10,940 
K-105-272 Logic Analyzer: 64 channel state, 

8 channel timing, dual drives. $17,895 
29B-X0600 Universal PROM Programmer. $4,495 
1630D 43 Channel Logic Analyzer. $10,800 
1630G 65 Channel Logic Analyer. $12,400 
64100B/41 10 Card Slot Logic Development System Mainframe. $16,950 
64110B/034 5 Card Slot Portable Logic 

Development System Mainframe. $11,350 
IMDX-441A Series IV Development System with 

enhanced performance option. $28 ,900 
111-210 |2 ICE 80286 In-Circuit Emulator. $11,995 
2400E High-Level Language Software Analyzer. $9,995 
1240 Logic Analyzer Mainframe. $4,500 
1241 Color Logic Analyzer Mainframe. $6,000 
8561/2/5 Multi-User Software Development Station. $16,400 
DAS9129/1/2/3 High Speed Digital Analysis System. $10,805 


AND DOZENS MORE! 


Of course, all equipment includes these benefits: 


= 90to120 Day Warranty 


= 5-Day Acceptance = Extended Service 


Burbank, CA (818) 843-3131 
Cedar Grove, NJ (201) 857-2280 
Columbia, MD (301) 995-6707 
Dallas, TX (214) 437-3383 


(800) 423-2337 


Nationwide 


California Only (800) 232-2173 
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= Local Support Nationwide 


Elk Grove, IL (312) 956-8380 
Livonia, MI (313) 522-8555 
Mountain View, CA (415) 964-5500 
Norcross, GA (404) 925-9199 


« Financing Available 
= Maintained Used Equipment 


San Diego, CA (619) 571-7905 
Wilmington, MA (617) 657-8400 


Mississauga, Ontario (416) 624-6132 


~» Electro Rent 


Corporation 
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IEEE-Z 


Easiest IEEE 488 board for your PC- 
GUARANTEED! 


1Otech Personal488* Typical IEEE board 


10 OPEN ‘\DEWIEEEOUT” FOR OUTPLT AS #1 With "CALLS"* 
20 PRINT #1,"ABORT" ae 
10 CLEAR, 50000! 


30 PRINT #1,"CLEAR 16° PORE B AR 0000: 
40 PRINT #1."OUTPUT 16;R3T3X° ee 
30 IBINIT2 = IBINIT| +3 


40 BLOAD “bib.m", IBINIT] 

50 CALL IBINIT (BFIND, IBTRG, IBCLR, 
IBPCT. IBSIC. IBLOC, IBPPC, IBPPC. 
IBBNA, IBONL, IBRSC. IBSRE, IBSRYV, 
IBPAD. IBSAD, IBIST, IBDMA, IBEOS, 
IBTMO, IBEOT). 


60 CALL IBINIT20BGTS. IBCAC, IBWAIT, 


IBPOKE. IBWRT. IBWRTA, IBCMD, 
IBCMDA, IBRD. IBRAD, IBSTOP, IBRPP, 
IBRSP. IBDIAG, IBXTRC, IBSTA%, 
IBERR% 1B Aer 

70 AS="DEV es 


oad * Cleveland, Ohio 44146. 


bus and configure a digital multimeter. 


atible IEEE board our Driver488 software 
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that most closely resembles the waveform of concern 
should be devised. However, for general test applica- 
tions, the computer-generated Gaussian waveform will 
be suitable. EDN 
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ONLY ONE OPTOCOUPLER ELIMINATES 
LOGIC INTERFACE PROBLEMS. 


Logic interface causing confusion? 

Pull yourself together. Use General Instruments 
Optologic™ Optocoupler. 
The First Logic Look-Alike. 

Our Optologic™ is the first optocoupler that looks 
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74-series logic gate at 
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design in and specity. 
Without all that trial 
and error. 
It reduces parts 


count and board space, too. Because our convenient, 
6-pin package has everything. 


Protects You From Noise. 


With Optologic™ you get 15 kV/s common mode 
transient immunity. 2500 VAC RMS isolation. Propagation 
delay of 60 ns. And datacom support to typically 15 Mbaud. 
That adds up to excellent noise rejection, insulation, and 
high data speeds. 

Plus consistent performance over time and temperatures. 


Call And Face The Facts. 


Don’t waste time withanything else. Optologic™ is 
faster to design in. Contact your distributor for data and 
samples. If you prefer, call or write General Instrument, 
Optoelectronics Division, 3400 Hillview Avenue, 


Palo Alto, CA 94304. GENERAL 
INSTRUMENT 


(415) 493-0400. 
And never face inter- 
Optoelectronics Division 


face problems again. 


Distributors: Arrow, Bell Industries-Graham Division, CAM/RPC, Future, Hammond, J.V. Electronics, Kierulff, Milgray, Newark, Pioneer, Summit, Wyle. 
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V70—the 32-bit microprocessor 


with the right technology at the right time 


The V70 supermicro is your win- 
dow of opportunity into the 32-bit 
world. By moving up now, you can 
stake your claim to emerging 
markets. And get the benefits of 
high integration, exceptional 
speed and sophisticated on-chip 
functions. Allin CMOS. 


SPEED 


The V70 delivers 6.6 MIPS (max) 

at a 20MHz clock rate. The six- 
stage pipelined CPU executes up 
to four instructions concurrently. 


VIRTUAL MEMORY 
MANAGEMENT 


The on-chip demand-paged 
Memory Management Unit sup- 
ports 4 gigabytes of virtual and 
physical memory spaces. And 
gives you 4 levels of memory 
protection. 


FLOATING POINT ON-CHIP 


The V70 executes basic floating 
point operations (IEEE 754) with- 
out CO-processor. 


EFFICIENT PROGRAMMING 


The V70 features 32 general- 
purpose registers (each 32 bits 
wide) and a powerful instruction 
set optimized for high-level lan- 
guages and operating systems 
such as UNIXand MS-DOS. 

V70 instructions are fully compat- 
ible with the V60. A high-speed 
emulation mode gives you com- 
patibility with V20/V30 software. 


UNIX is a trademark of AT & T Bell Laboratories. 
MS-DOS is a registered trademark of Microsoft Corp. 


FAULT-TOLERANT 
APPLICATIONS 

The V70 helps you design fault- 
tolerant systems with its unique 
on-chip Functional Redundancy 
Monitor. Use two V70's, one mas- 
ter and one checker. During 
each bus cycle, the checker mon- 
itors the master and issues mis- 
match warnings. 


ON-CHIP DEBUGGING 


The V70 offers three types of de- 
bug functions on-chip. V70 users 
get full support from NEC, includ- 
ing a broad line of CMOS periph- 
erals, development tools, and 
two operating systems— UNIX 
system V and our realtime OS. 


If you've been looking into 
the 32-bit world, it’s time to step 
through the window of opportu- 
nity. With the V70 from NEC. 
Find out about it today. 


For further information, please contact: 
BUSA Tel: 1-800-632-3531. In California: 1-800-632-3532. 
TWX: 910-379-6985. 


MEurope W. Germany 
Tel:0211-650302. Telex:8589960 NE D. 


The Netherlands 
Te]:040-445-845. Telex:51923 NEC B NL. 


Sweden 

Tel:08-732-8200. Telex:13839 NECSCAN S. 
France 

Tel:1-3946-9617. Telex:699499 NEC EF. 
Italy 

Tel:02-6709108. Telex:315355 NECEIT I. 
UK 

Tel:0908-691133. Telex:826791 NECUK G. 


Hong Kong 
Tel:3-755-9008. Telex:54561 HKNEC HX. 


@ Asia 


Taiwan 
Tel:02-522-4192. Telex:22372 HKNEC TP. 


Singapore 
Tel:4819881. Telex:39726 NECES RS. 


@ Oceania Australia 
Tel:03-267-6355. Telex:AA38343 NECBCD. 


NEC 


For years, Schroff has invested in a worldwide strategy of standardi 

OME OMPAN 19 zation, quality and technical excellence. 
As a result, Schroff’s products are a work of art in design and the 
BUILD ENCLOSURES state-of-the-art in packaging. Take our Compac Cases, for example 


Compac Cases are manufactured in the U. S. and are IEC, DIN. 
IEEE and VDE-compatible. They’re extremely affordable. Yet 
come in a wide range of sizes to enhance your instrumentation and 
optimize your design. They also come with an even wider range of 
accessories including sculptured handles, CRT/keyboard mount- 
ings, and clear protective doors, to name a few. 


Schroff’s Compac Cases let you select the features you need 
to target today’s market, and get the flexibility you need for 
tomorrow’. It’s a standardized systems approach. 
And it may well be the most important 
benefit of all. 
To put your system in touch with 
the flexibility of Compac, 
put your company in 
touch with Schroff. 


WE ENGINEER THEM. 


Schroff Inc. - 170 Commerce Driv 
Warwick, R.I. 02886 - Tel.(401) 732-377 
Telex 952175 - Telefax (401) 738-798 


monds + Sons Ltd. 


975 Dillingham Road - Tel. (416) 8398041 
Pickering Ontario L1W 3B2 - Tx 06981 38: 


See us at WESCON, Booths 1818, 20, 22, 24 CIRCLE NO 121 


CREATE HIGH SPEED 
CUSTOM WAVEFORMS EASILY 


ee : ; AVA ' 


WITH THE MC 


ARBITRARY FUNCTION GENERATOR 


Ever need fast, custom waveforms to test 
your circuits, but had to create them 
from a kluge of instruments and custom 
circuitry? Or, do you compromise with 
standard functions and pulses because 
the signals your equipment will meet in 
the “real-world” can’t be generated at all? 


LeCroy’s Model 9100 AFG not only makes 
the generation of high speed waveforms 
possible, but easy! 


_ waveforms with points as close as 
5 nanoseconds apart, undistorted by long 
settling times, slow risetimes, mandatory 
filters, or excessive ringing; 


_.. waveforms that you create with 
EASYWAVE™, a unique first-key menu- 
driven PC-based software package that 
combines a selection of standard shapes 
with programmable amplitude range, 
repetitions, durations, clock frequency, 
and direct mathematical entry. 


Circle 69 for information 
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You can even acquire real signals from 
LeCroy DSO’s, download them to the PC, 
edit them with EASYWAVE or other signal 
processing software, then re-generate 
them with the 9100. 


Key features include: 

= Output clock rate to 200 Mpoints/sec 

= 350K points non-volatile waveform 
Storage 

= 64K high speed operating memory 

= 300 KByte/sec quick transfer from 
storage to operating memory 

= Waveform looping and linking 

= Two channels, with the ability to 
independently change their amplitude 
ranges, filters, offsets, and to inter- 
nally SUM them 

= External summing input 

= 10 V p-p output into 50 ohms 

= DC accuracy of 1% 

= GPIB, RS232C, or local operation 

= Detachable hand-held control panel 


WESCON/87—See us at Booth 2830 


The internal non-volatile waveform storage 
allows the 9100 to be used as a stand- 
alone custom waveform generator. In 
addition, it also stores standard functions 
and pulses, offering programmable sine, 
square, ramp, triangle, dc, and pulse 
generation. 


Call or write for further details. LeCroy 
Corporation, Signal Sources Division, 700 
Chestnut Ridge Rd., Chestnut Ridge, N-Y. 
10977, 914-425- 2000, or your nearest 
sales office worldwide. 


Innovators in Instrumentation 
Circle 108 for Employment Opportunities 
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Ogilvy & Mather 


Philips DTCXO is the worlds first digitally temperature- 
compensated crystal oscillator Its unique combination 
of high stability (0.5 ppm over a temperature range 
-40°C to +85°C) with low power consumption is realised 
in aremarkably compact, practical package. 

The stability offered by the DTCXO could previously 
be achieved only with primitive power-hungry 
ovenised oscillators needing a long warm-up time. But the 


PHILIPS DICXO: FREQ| 


DTCXO achieves it at one twentieth of the power - instantly 
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Turn Good 
Ideas Into 


Good Articles 


With EDN’s FREE Writer’s Guide! 


Would you like to get paid for sharing your 
clever engineering ideas and methods with 
your professional colleagues? If so, then send 
for EDN’s new FREE writer’s guide and learn 
how. 


You don’t need the skills and experience 
of a professional writer. And you don’t need to 
know publishing jargon. All you do need are a 
little perseverance, your engineering skills, 
and the ability to communicate your ideas 
clearly. 

Our new writer’s guide takes the mystery 
and intimidation out of writing for a publica- 
tion. It shows you how to write for EDN using 


after switch on. 

Inside its hermetically-sealed package, measuring ju 
6cm x 6cm x 0.8cm, the circuit incorporates the latest 
SMD technology and two high-quality crystals - a 
temperature sensor and an accurate frequency sourc 
The latter allows a choice of frequencies in the 4.5 ME 
to 15 MHz range. 

~ Allthese advantages make the DTCXO ideal for use i 
selenite and industrial test and measurement equipmer 


skills you already have. Plus, it takes you step- 
by-step through the editorial procedures neces- 
sary to turn your ideas into polished, profes- 
sional articles. 


Get your FREE copy of EDN’s writer's 
guide by circling number 800 on the Information 
Retrieval Service Card or by calling Sharon 
Gildea at (617) 964-3030. 
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NCY STABILITY OVER A 
TURE RANGE 


telecommunications and aerospace. Philips Doetinchem, I[Jsselstraat 18, 7008 AA Doetinchem. 
Of course, your application may not call for such a wide tem- THE NETHERLANDS. Telex 45331 phdtc nl. 
perature range as -40°C to +85°C. That's fine - if a range -10°C ee ee ee a 


to +60°C is acceptable, then stability is improved to 0.05 ppm. Please send me information on the Philips digitally temperature- 
With 40 years’ experience in quartz crystals, Philips has the compensated crystal oscillator. 
expertise that makes the DTCXO one of the most stable, 
compact and reliable oscillators available. Name 
If youd like to know more just complete and post the coupon or 
contact us directly at: Position Company. 
Address 


Send coupon to: 
Philips ELCOMA, PO Box 218, 5600 MD Eindhoven, 
THE NETHERLANDS. EDN111287 


| 
| 
| 
| 
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| 
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A Designer's Guide to: 


CMOS ICs 


As featured in EDN Magazine 


Mail coupon to: CMOS IC reprints — EDN Magazine 


EDN111287 


Cahners Building ae 
275 Washington Street 
Newton, MA 02158-1630 TITLE 


Please send copies of A Designer’s Guide to 
CMOS ICs (92 pages) COMPANY 
L} $6.95 UPS LJ) $10.95 non USA @ANK DRAFT ONLY) 


Check or money order made out to EDN REPRINTS = apprgss 
must accompany each order. No COD. Mass. 


residents add 5% sales tax. CITY 
Please print clearly. This is your mailing label. 
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The military power supplies designed 
and built by Abbott are recognized as clearly 
superior under conditions when reliability 
is imperative. 

Since 196l, Abbott has served in the field, within the 
most demanding programs undertaken by major contractors who create the tools for those responsi- 
ble for our nation’s defense. 

These key shipboard and airborne programs include LAMPS, Phalanx, Trident, E-2C, P-3 Orion, 
AEGIS and the Harpoon Missile. 

Abbott follows the high standards and demanding guidelines which include NAVMAT, Electro 
Static Discharge (ESD) Protection and WS-6536 workmanship criteria. 

For over 25 years Abbott has been earning the reputation for, “When reliability is imperative.” 
And for the next 25, reliability will continue to be our prime objectiv 


abbott 


MILITARY POWER SUPPLIES 


Abbott Transistor Laboratories, Inc. Power Supply Division, 5200 West Jefferson Blvd., Los Angeles, CA 90016 (213) 936-8185 
CIRCLE NO 122 EDN November 12, 1987 


Switcher power 
densities change 
filter-capacitor needs 


The drive for high power densities in 
switch-mode power supplies is dramatically 
increasing the switching frequency in the 
units. This frequency increase now puts se- 
vere limitations on the output filter capact- 
tor’s electrical parameters and how tt 1s 
physically mounted in the circuit. 


John Maxwell, AVX Corp 


High-frequency switch-mode power supplies place tre- 
mendous restrictions on output filter capacitors, and 
traditional capacitor-selection criteria no longer apply. 
Today, capacitors must handle high ripple current 
(which equates to low series resistance) and have an 
inductance that approaches 0 nH. The capacitors must 
be truly surface mountable and available in configura- 
tions that can be integrated into transmission lines to 
further reduce inductance. In short, the higher fre- 
quencies have changed the whole selection process. 


Parameter requirements have changed 


Historically, switch-mode power-supply (SMPS) de- 
signers have concentrated on a capacitor’s ESR (equiv- 
alent series resistance) parameter to reduce output 
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ripple voltage. To meet the low ESR requirement, 
designers would use 10 to 1000 times the supply de- 
sign’s minimum required capacitance and essentially 
ignore ESL (equivalent series inductance), considering 
it to be insignificant because of the large capacitance. 
Because switching frequencies have moved to 1 MHz 
and beyond, this situation has changed. 

ESR no longer dominates output filter ripple and 
noise voltage performance—ESL is now the limiting 
factor. For most high-frequency SMPSs, total output 
filter inductance requirements will equal 1 nH or less, 
which will force designers to use surface-mount compo- 
nents to eliminate most component inductance. 

Traditional filter-capacitor technologies cannot meet 
this need for low ESL. Electrolytic capacitors are not 
suitable for surface mounting because the electrolyte 
boils at the reflow-solder temperatures, and aluminum 
reacts violently with vapor-phase soldering fluids. Tan- 
talum capacitors have high values of ESR, and even the 
surface-mount configurations have excessive ESL. In 
addition, if you fail to take handling precautions, reflow 
soldering accelerates a failure mode in surface-mounta- 
ble tantalum capacitors, which causes ESR to increase 
with time. Tantalum and electrolytic capacitors have 
another problem—their intrinsically high ESR and 
ESL dramatically reduces the capacitance value at high 
frequency. 

Film capacitors are not a viable alternative for to- 
day’s SMPS designs either, because the polymers used 
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Traditional selection criteria no longer 
apply for output filter capacitors in today’s 
switch-mode power supplies. 


as dielectrics melt at solder reflow temperatures. Multi- 
layer ceramic (MLC) capacitors are the only viable 
choice for very-high-frequency SMPS output filters. 


Power density makes a big difference 


Traditional MLC capacitors have very high values of 
ESL and ESR, so they are only viable for low-density 
supplies. These devices are not designed to minimize 
ESL and ESR; instead, they fill a need in commercial 
and military markets, where they are typically used for 
filtering or decoupling. To serve as output filter capaci- 
tors in high-frequency, high-power, switch-mode power 
supplies, capacitors must be designed to minimize ESL 
and ESR and to maximize ripple-current capability. 

It’s important to develop guidelines that establish 
practical limits of minimum required capacitance and 
maximum values of ESL and ESR for output filter 
capacitors. By their very nature, most SMPSs have 
high ripple currents (Fig 1). This ripple current (for a 
simple LC output filter) is typical for a forward or 
flyback converter. Alternate designs will have different 
but similar current waveforms and filter requirements. 

The ripple current shown in Fig 1 generates a ripple 
voltage that is a function of capacitance value, ESR, 
and ESL. ESL is the major culprit in high-frequency 
switching power supplies because of the high di/dt at 
the current inflection points. Increases in frequency or 
ripple (load) current proportionally increases di/dt and 
noise, because V=Ldi/dt (where L is the output filter 
inductance, di/dt is the rate of change of current with 
respect to time, and V is the voltage spike amplitude). 

An order of magnitude increase in operating frequen- 


RIPPLE CURRENT 


AveRAGE ) 
LOAD 
CURRENT 


HIGH di/dt AT CURRENT REVERSAL. 
IT WILL CAUSE NOISE SPIKES DUE TO ESL. 


Fig 1—High ripple current is a fact of life in most switch-mode 
power supplies. The ripple shown is for a simple LC output filter 
typically found in forward or flyback converters, other designs, 
however, will have similar current waveforms. 
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Fig 2—To establish practical limits for ESL, ESR, and Cyn, derive 
each value by assuming that the other two make no contribution to 
output ripple and noise. 


cy or load current decreases the maximum allowable 
ESL by the same amount. As designers continue to 
increase switching frequencies and load currents to 
improve power densities, they must incorporate the 
output filter capacitor into a transmission-line structure 
to cancel its inductance. Designers are also taking 
switching frequencies above 10 MHz, which will force 
the output filter into cavities and new configurations to 
further reduce filter inductance. 

You can establish practical limits for ESRwax, 
ESLyax, and minimum output filter capacitance (Cyn) 
by analyzing the current waveform in Fig 2. You can 
derive each limit by assuming that the other two 
parameters make no contribution to output ripple and 
noise. For example, you calculate the values of Cuin by 
assuming that all ripple is due to the capacitance. In 
practice, it’s best to increase the capacitor’s value to 
minimize its contribution to output ripple. In some 
cases, you'll need much more capacitance to stabilize 
the power-supply control loop. In these instances, you 
should use a lower-value, high-performance output fil- 
ter capacitor in parallel with a higher-value tantalum or 
electrolytic capacitor to provide loop stability. 


Surface-mount techniques provide the answer 


For very-high-frequency SMPSs that operate at 1 
MHz and higher, maximum total inductance values will 
be in the 1- to 2-nH range, so you'll have to surface- 
mount components and RF layout techniques. Howev- 
er, don’t assume that you can locate a few capacitors 
along with transistors, diodes, resistors, and inductors 
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on a substrate that has a ground plane everywhere and 
expect the circuit to work reliably. 

Practical size limitations prohibit you from directly 
mounting MLC chips larger than 2225 types (0.22 x 0.25 
in.) directly on a substrate. Even 1812-type (0.18x0.12 
in.) chip capacitors will have solder joint failures due to 
mechanical fatigue after about 1500 0 to 85°C thermal 
cycles on FR-4 substrates, and about 3000 —55 to 
+125°C cycles on alumina substrates. This fatigue is 
due to the difference between the CTE (coefficient of 
thermal expansion) between MLCs and the substrate 
materials used in hybrids and surface-mount assem- 
blies. These substrate materials have a wide range of 
CTEs (Table 1). 

This CTE difference translates into mechanical stress 
that’s due to the linear displacement between substrate 
and component. Linear displacement is a function of 
ACTE (CTEgyg—CTEcomp) and the overall length of the 
component. Even with a small A, long components or 
substrates will have large linear displacements, which 
will cause high stress (and fatigue) in the solder joints 
after a few temperature cycles. 

You must use lead frames on larger capacitor sizes 
greater than 2225 types) to minimize mechanical stress 
on the solder joints during temperature cycling—a 
normal operating condition for power supplies. Failing 
solder joints increase both ESL and ESR, which in- 
creases ripple, noise, and heat, and accelerates failure. 

You also have to use effective dams on the solder 
lands to ensure that molten solder does not migrate 
from the land during the reflow operation. Such a 


Fig 3—Adding lead frames has a small impact on component 
inductance, but that’s the price you have to pay for reliable operation 
over temperature. 
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migration can lead to opens or weak solder joints. 
Because of stringent inductance requirements, you 
cannot use low-frequency layout techniques (such as 
necked-down conductors) for high-frequency output 
filters. 

Adding lead frames has a small impact on component 
inductance, but this is the price you have to pay for 
reliable operation over temperature. Fig 3 shows typi- 
cal lead-frame inductance increases for two lead-stand- 
off distances vs the number of leads along one side of 
capacitors that are specifically designed for switching 
power supplies that operate at 1 MHz or above. Actual 
inductance will be somewhat less because the lead 
frames flare out from the lead where they attach to the 
capacitor body. EDN 


Author’s biography 


John Maxwell is a new product development manager at 
AVX Corp (Colorado Springs, CO). In this position, he 
coordinates market and technical requirements for new 
electronic ceramics, with an emphasis on surface-mounta- 
ble devices. John holds BSEE and MSEE degrees from 
Oklahoma State University. In his spare time, he is in- 
volved in competitive pistol shooting, and he collects ma- 
chine guns. 


Article Interest Quotient (Circle One) 
High 488 Medium 489 Low 490 


Microprocessor 
Development Systems & 
~~ In-Circuit Emulators 


| =. ‘SA700-68000 


Dedicated in-circuit emulator for 68000 Microprocessor. 
@ Most transparent 68000 emulation. 

@ Over 1/2MByte emulation Ram. 

@ Command files for software/prototype/production test. 


pe ee 


Dal | _____— PROCESSOR (16bit) = || = PKG__[SA710M| $4790- 
Se (fF | oc 

S A2000 INTEL 80C86/88 pee = LO 

ail 80186 /188 ACCPPGA Fo Ot 

. | #PD70108/116 (V20/30) _—s|~‘DIP4OP—S isd] OO Cf 

Complete universal development system and psec a ormnare ane —t oe tO 

in-circuit emulator for latest micro controllers. MOTOROLA | Mc6s000. + ~=~=Ss«=C*~<“CitS*S«*rCS PPP SS 


@ Cross assembler, Linker, Editor standard. fj _—~—=—-— PROCESSOR (8bit) | PKG | —__SA2000 


@ Powerful software debugger plus Real-Time ICE.™ 


80C85, 8085AH-2 DIP40P 
8048 (8035/39/40/49/50AH) | DIP40P 


 EPAOP 
8051 0C51) DIP4OP 
al = | DIP40P 
DIP40P _ 


ES 
ww 


ven DIP48P 

HD6301V/6303R, HD63701V 
HD6301X/6303X, HD63701X 
HD6301Y/6303Y, HD63701Y 


HD6305U/V, HD63705V DIP40P 
HITACHI [7906305X7¥ SDIPG4P 


pee oe PL HD6305Z, HD63705Z FLAT80P 
"TOM Se HD6309E DIP4OP 
| ; — | HD61810B (HSP) DIP40P 


HPD 7807/08/09 SDIP64P,QUIP64P 
uPD7810H/11/14/16 SDIP64P,QUIPG4P 
HPD78C10/11 SDIP64P,QUIPG4P 


it universal system analyzer and 


circuit emulator. : 5 : 

Symbolic features include local variables, arrays, structures. wears 

Us EGE ee eee y MITSUBISH!| | 50745 ~ | SDIP64P 
ace without breaking. | eae : 
MGS! OVC GUO ee R6502, 65002 | 


“In U.S. SA2000 & SA710M with Zilog chip support can be purchased through Zilog or Sophia sales channel. 
*ICE™ is a trademark of Intel Corp. 
*No.3 universal MDS manufacturer in the world. 


: 
$ 
5 


Call toll-free 1-800-824-9294 (outside Ca.) So — 
1-800-824-6706 (in CA.) = SS S22 52 22S, 


U.S. & European Headquarters: Sophia Computer Systems, Inc., 3337 Kifer Road, Santa Clara. CA. Tel.(408)733-1571 Fax.(408)749-8172 95051. 
Corporate Headquarters: Japan, Sophia Systems Co., Ltd. NS Bldg. 2-4-1, Nishishinjuku, Shinjuku-ku, Tokyo 163. Tel.(03)348-7000. 
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LBO-325 packs all the power and 
performance of a cumbersome, 
backbreaking, 60-MHz workbench 
oscilloscope into an easy-to-carry, ultra- 
compact, featherweight unit. Although its 
3¥2-inch CRT is as big and clear as 
screens on large field-service scopes— 
LBO-325 weighs only 9 Ibs. So it won't 
_weigh field-technicians down, no matter 
how far afield they go! LBO-325 is so 
small it fits inside a 3-inch deep attache 
case with room to spare for a multimeter, 
service manuals and some tools. The ideal 
full-function scope for a cramped 
work area or crowded bench. 


*" a - 


rp, 
bad 


i 


os 


ime is money. A scope 
left in the vehicle takes 
time to retrieve. One kept 
in the shop causes repeat 
service calls. The LBO-325 


. *, a> 


Attache Case Oscilloscope is so 
easy to carry and use, techs will 
take it everywhere, every time. 
And the time saved translates into 
extra profits for years to come. 


¢ 60 MHz « Dual channel ¢ ALT TIME 

BASE simultaneously displays main 

waveform and any expanded portion 

¢ ALT TRIG for stable display of. 

2 asynchronous signals ¢ Bright, 

sharp 12-kV trace « Large 3’%-inch 

PDA CRT « Illuminated graticule 

« Comprehensive triggering * TV-V and 

TV-H sync separators * Variable trigger 

hold-off * Delay line shows sharp leading 
edges * CH-1 output drives 
low-sensitivity instruments 

«Measures only 3x 9 x 11% 

inches « Weighs 9 Ibs. 


peer 


Built tough to g 
use, LBO-325 is backed by 
Leader's 30-year reputation 
for reliability and by 
factory service depots 
on both coasts. 


LBO-325 CRT is shown actual size. 
Callolifree 


(800) 645-5104 
: In NY State : 
(516) 231-6900 
Request an evaluation sample, our _ 
latest Test Instrument Catalog with over 
100 outstanding products, the name and 


address of your nearest “Select” Leader 
Distributor, or additional information. 


know 
Hot ay, Instruments 
difference. 

380 Oser Avenue 
Hauppauge, New York 11788 
Regional Offices: Chicago, Dallas 
Los Angeles, Boston, Atlanta 
In Canada call Omnitronix Ltd. 
(514) 337-9500 
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Once You See Our Product Line, 
You'll Come Around To Holmbe: 


In the electronic components industry, the Holmberg name is synonymous with innovation and quality. One of the oldest, 
continuously operating, privately owned manufacturing firms anywhere, Holmberg is dedicated to the advancement of 
electronic component design and manufacturing technology. 


Holmberg’s quality product line is comprehensive with board-to-board interconnect systems that include PC and card 
edge connectors, all plastic and metal shielded D-Subminiature connectors, press fit and DIN connectors, and a pin 
header line. Holmberg is committed to serving customer needs today and tomorrow...with innovative products on the 
drawing board and in the test lab! 


D-Subminiature Connectors 


All plastic or metal-shielded for printed circuit board applications 
where low cost and high performance are required. 


* Fully Intermatable With All D-Subminiature Connectors 

- Designed To Ensure Contact Reliability, Superior Soldering and 
Long Shelf Life At A Lower Cost 

* Excellent Contact Retention 

* Exceptionally Strong And Rigid Contact Tails For Easy Assembly 
And Mounting 
- Part Of Our Value ddded Program To Reduce Inventories 

And Delivery Time 


D-Subminiature Metal Shell Crimp, 

Snap-In Connectors 

Available in all standard contact configurations and designed 

to comply with most industry interface standards. 

* Complete Line Of Mounting And Locking Hardware Types 

* Application Tooling Available 

* Stamped And Formed Contacts Available In Both Reeled 
And Loose-Piece Form, Along With Several Plating Options 

*Deliver Maximum Field Service Economy And A Highly 
Reliable Shielded Interface 


PC Card Edge Connectors 


Suitable for either hand or automatic termination in backplane 
or discrete applications and available in all popular sizes from 
6 to 65 positions. Interchangeable with any industry standard 
PC connector. 
* Highly Reliable Contact Design 
- Performance Meets Or Exceeds Industry Standard Requirements 
* Variety of Plating, Mounting, Termination And 
Identification Options 


DIN Connectors 


Respond to current market needs with a variety of series 
versions to meet any application. 

- Cost-Effective, High-Contact Reliability Types 

- Low Insertion Force 

* Number Of Positions Maximized With DIN Connector Features 
* Adapt To Changes In PC Board Thickness 
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Cantilever Card Edge Connectors 


Suitable for either hand or automatic termination in backplane 

or discrete applications. Can be interchanged with any industry 

standard PC connector and are available in all popular sizes 

from 6 to 60 positions. 

- Highly Reliable Cantilever Contacts Ensure Optimum 
Contact Force Over Full Range Of Board Thicknesses 

- Guaranteed Performance At Or Above Industry Standard 
Requirements 

- Variety Of Plating, Mounting, Termination And 
Identification Options 

- Press Fit Design—C8 (100” x .200”) And C7 (.125” x .250”) 
Available Now; C6 (.156” x .200”) Available January, 1988 


D-Subminiature Press Fit Connectors 


Designed with a large, closed entry lead-in for easy mating. 
The insulator cap provides excellent positional control of the 
male contact pins with respect to female contacts. 

- Available In Both All Plastic And Metal Shell 


- Selective Gold Plating Permits Precise Placement Of Gold 
Only Where Needed 


- Design Provides Mass Installation With A Sturdy Insertion Blade 
- Easily Removable Cap Allows Quick Individual Pin Replacement 
- Variety Of Plating, Mounting, Termination And Identification Options 


Pin Headers 


Straight and right angle are available in the unshrouded versions 
from 1 through 36 positions in single and double rows, straight 
and right angle configurations. 

- Pin Retention 5 Lbs. Minimum Either Direction 

- Post-Plated Finish Leaves No Bare Edges Or Tips 


Snap-Together Connector Cover 


Reduces assembly time by 40% over other designs, saving production 

time and reducing applied costs. 

- Can Be Disassembled And Reused 

- Available In Flame Retardant ABS Plastic Or Metalized Plastic For 
Shielded Applications In 9, 15, 25 And 37 Positions 

- Accommodates Any Style D-Subminiature Connector 

- One Part Number Accepts A Full Range Of Cable Diameters 
Without Gates or Grommets 


>= HOLMBERG 
ELECTRONICS 
The Innovation Connection 


P.O. Box 37, Inman, SC 29349 - 803/472-4141 + Telex Il 810/690-2302 - Fax No. 803/472-8568 
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Watch the DMP-60 series. 
-asascanner with HI’sunique 
-SCAN-CAD™ option. Quickly pro- 
duce multicolored drawings when 
you use the Multi-Pen adaptor. Plot 
several originals—without tying up | 
your PC when you add HI’s buffer 
expansion board. 

Select media as small as 8%"x11" 
or as large as 36"x48". Load either 
DM/PL™ or HP-GL 758X-compatible 
software. Then watch as your plot- 


ick] d drawl 
Maud ec edaccacttan ot HOUSTON 
ten-thousandths of an inch. Smile INSTRUMENT 


when you see smoothly formed circles, A DIVISION OF. AIMETEK 


curves, and lettering. Houston Instrument, SCAN-CAD, and DM/PL are 
Explore HI’s host of support trademarks of AMETEK, Inc. 
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ive character complement (246, including __ 

_ 96 ASCII); easy-to-add special and foreign sets for custom 

__ and international applications. 

@ Proprietary curve-smoothing software to enhance 
waveforms (real-time). 

@ Custom generation of background grids, special codes, X 
and Y orientation of alphanumerics and graphics printing, 
full interaction between all output modes, etc. provide total 
printing flexibility. 

@ Internal self-test routines, reducing QA and incoming 
inspection expenses inherent in similar products. 


General Scanning, with 20 years of experience 
in building advanced thermal printers, is the 
leader in offering customers total application 
and engineering support. 


General Scanning’s AR-100 and 
AR-40/41 800-dot resolution 
produces smooth waveforms. 


200-dot waveforms, typical of 
most output printers, have 
ragged contours. 
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How to improve your designs by the process of elimination. 


Here are five new ways to 
enhance your product's perfor- 
mance, or reduce costs, either 
by eliminating non-essential com- 
ponent features or by eliminat- 
ing manufacturing steps with 
ready-made subassemblies. 


Long-life miniature 
pushbuttons provide wide-angle 
viewing, $1 each. 


Our special, low-cost 
square and rectangular MML 
pushbuttons feature simple 
momentary action, and come in 
a choice of five button colors. 
They’re ideal for applications 
that require high performance, 
but not UL listing or audible 
feedback. 

Square buttons are 

available in LED 


Low-Cost 
MML Miniatu re on 
Pushbuttons 


or incandescent lighted 
versions with one-piece molded 
lens caps for good visibility 
from any angle. All versions are 
covered by an 18-month 
warranty, and come at a defect 
rate of less than 50 per million. 
Actual sizes, .39” x .39” square, 
.39" x 59" rectangular. All 

are .67” deep. CIRCLE NO 213 


High-resolution 
gear tooth sensor has built-in 
magnets and resistors to 
simplify design and installation. 


The completely self-con- 
tained SR’7P gear tooth sensor 
reduces manufacturing steps 
by providing a magnetoresistive 
sensing element, biasing mag- 
net, signal-conditioning elec- 
tronics and pull-up resistor in a 
compact thermoplastic hous- 
ing with plug-in connector. 

Operating on a standard 
5 VDC power supply, the sen- 
sor can detect ferrous tar- 

gets as small as 32 teeth/ 
inch, with digital current 
sinking output through- 
out a speed range of 


Gear Tooth Sensor 


0-12 kHz. Actual size, 345” x 
1.25" x 1.775". cIRCLE NO 214 


Simple cantilever spring switch 
saves money where precision 
snap-action isn't needed. 


Our V10 Series basic 
switch uses a cantilever spring 
system that’s ideal for simple 
on/off applications, or where its 
spring rate, travel or force 
specifications are more compat- 
ible with your requirements. 
The V10 comes in general pur- 
pose and UL/CSA versions, 
with a wide choice of plunger or 
integral lever actuators, and 
capacities from 1 to 25 amps at 
277 VAC. 

All V10s feature combi- 
nation quick-connect/solder ter- 
minals that are compatible with 
industry standard receptacles 
and connector blocks. 

Actual size .63"x .40” x 1.14” 
CIRCLE NO 215 


In-line digital current sensor 
eliminates the need 


for an external conductor. 


Now there’s a way to moni- 
tor uninterruptible power sup- 
plies without sacrificing precious 
board space. Our miniature CS 
series-connect current sensor 


‘an be mounted directly toa 
°C board. It uses a Hall effect 
ship to respond accurately 
vithin +10% of a setpoint be- 
ween 1.3 and 15 amps. Digital 
yutput is compatible with 
‘lectronic control devices. 
Actual size, .58” x .50” x .67”. 
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Ergonomic pushbutton 
subassemblies increase design 
freedom, reduce 
manufacturing steps. 


Our new SLP Series push- 
dutton panels are complete 
yperator interface units ready 
o install in your product. They 
ure available in standard or 
sustom layouts and packages to 
neet your specifications, with 
olug-in connectors to save 
wiring time. Actuator travel is 
050,’ providing positive tactile 
‘eedback. 

Design options are almost 
imitless. You can choose from 
solid state LEDs, built-in inter- 
[ace electronics, and tamper- 
resistant buttons with custom 


colors, textures, shapes and leg- 


ends. Individual or multi- 
station lighting is avail- 
able with or without 
button actuation to 


V10 Non-Snap 
Basic Switch 


help guide a user through a 
sequence of operating steps. 
CIRCLE NO 217 


Let us help improve 
your next design. 


If none of these innova- 
tions will improve your designs, 
or reduce costs, talk to us any- 
way. With your input and our 
experience, we'll come up with 
one that will. 

For more information, just 
call The Sensor Consultants at 
815-235-6600. Or write 
MICRO SWITCH, Freeport, 
IL 61032. 


Together, we can find the answers. 


MICRO SWITCH 


a Honeywell Division 


CS Series-Connect 
Digital Current Sensor 


ba] Indusiry’s largest 
surface-mount selection. 


Good reasons to switch: 

1. Toggles, pushbuttons, slides, DIPs. 

2. High-temperature plastic construction. 

3. Withstands infrared, vapor phase 
reflow, wave soldering processes. 

4. Competitively priced. 

5. Available NOW! 


For your free catalog, product samples, applications help, 
or a quotation, call or write; 
ALCOSWITCH, 1551 Osgood St., N. Andover, MA 01845, U.S.A. 
Tel: (617)685-4371, Twx: (710)342-0552, Fax: (617)686-9545 


ALCOSWITCH’ 


Quality and Innovation 


See us at WESCON, Booths 1525-34 
CIRCLE NO 129 


NATIONAL ELECTRONIC PACKAGING AND PRODUCTION CONFERENCE 


PN f —j = [| pj , | V | 
Wie &” Gaz GSE WV. 
WEST 88 


February 23-25, 1988 
Anaheim Convention Center = Anaheim Hilton = Anaheim Marriott 
Anaheim, California 


Attend NEPCON West and get on the high 
performance track to quality in electronics 
manufacturing. 


If you are responsible for circuit and system 
design, NEPCON West is your best source for 
high performance technology and fast-track 
solutions to your manufacturing problems 
across the board. 


across the board. 


The Exhibition— 
High Performance in Action 


See, touch, and compare the latest materials, 
components, devices, equipment, technolo- 
gies and techniques used to create electronic 
products. Observe live product demonstra- 
tions by over 1,200 companies and divisions. 


DESIGN 


The Conference— 
Fast Tracks to Solutions 


The NEPCON West Conference Program 
offers solutions to problems in electronics 
manufacturing across the board. Learn from 
the experts in sessions that cover timely 
issues SUCH Qs: 


e Superconductivity Materials and Technology 


¢ The Need for Standards for the Purpose of 
Moving Toward Automation in Electronic 
Packaging and Production 


¢ Recent Advances in Tape Automated 
Bonding 


e New advances in Achieving SMT Reliability 
and Manufacturability 


¢ Introduction to New Technology Marketing 


Register Now! 


Keep pace with the products, the people, 
and the information you need to reach peak 
performance at NEPCON West. Pre-register 
and get free admission to the exhibition. 


Phone: 312/299-9311 


® Cahners Exposition Group 
4350 East Touhy Avenue 
AMember of: PO. Box S060 
— Des Plaines, Illinois 
REEID US. Telex: 246148 CEGCGO DSP 
wcowanies —_ International Telex: 82882 CEG CHGO 


NEPCON West ’88 


Advance Registration Form 

COMPLETE AND MAIL TO: Nepcon West ’88, P.O. Box 7100, North 
Suburban, IL 60199-7100 

MAILING DEADLINE: February 1, 1988. After February 1, 1988, do not mail. 
For free admission to exhibits only, bring completed form to a badge typist 
at the NEPCON registration center. (No one under 18 will be admitted) 

PLEASE PRINT IN BLACK INK 

1. General Information (Please print clearly) (] Mr. CJMs. CJ) Mrs. LC Dr. 
Sea ae ae 

First Name ba Last Name 


(GES es ES pF Ue Fs lem eel el we ec Se 
Job Title 


(ES ee ae ee He ee oe ee 


Company 

ERE aes a ese (eee Mn: a a eV ae Ge, el esd a dee 
Division 

Mailing Address Dept. or Mail Stop 


eee OE RD) pe (Rs Re (se SN (PS Ce : : 
City State Zip 


at td 


Country 
[ioe Es a RS (Eas Se ae) oe ae) |e ees ee 
Telex C1 


Telephone 


EDN November 12, 1987 


2. Job Category (Check only one) 


Oj Circuit/System Packaging F (Corporate Management 
0) Circuit/System Design G O Sales 
C) Production/Manufacturing H () Research/Development 
C) Quality Control, Test & Inspection | (© Other 


C) Purchasing 


Business Category (Check only one) 


H (Electronic Components 
and Sub-Assemblies 
CO Consumer Elec. Products 


C1) Computers, Peripheral Equipment 

C Office or Business Machine 

C) Communications, Systems/Equipment I 

C Industrial Electronic Control C) Automotive Electronics 
Systems/Equipment or Appliances 

(J Medical Electronics K (CO Independent Research, 

QO Aircraft, Missiles, Space, Military Test, Design 

C) Test and Measurement L (Contract Manufacturing 
Equipment, Inst. M OC Other 


Qanmm 0DOB> WwW MOOD> 


4. Number of Employees in Your Company (Check only one) 


AO 1-99 BO100-499 CO1500-998 DOM 1000-2999 EL) 3000+ 


5. I’m interested in the following product categories. 
(Check all that apply) 


A OPC Design 
B © PC Board Fabrication 


C O Circuit Assembly 
D UO Circuit Packaging 
E C Inspection and Test 


A C Please register me for exhibits only. Free admission with this form. Save $15.00. 

B CZ Please send more information and registration materials for the Conference 
Program. 

C CU Please send hotel information. 

D C0 My company is interested in exhibiting at future events. 
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A D-SUBCONNECTOR 
PIONEER 


lf you consider the D-subconnector market 
in Taiwan too competitive, why don’t you 
change your niche to HIGH DENSITY 
D-CONNECTORS and MICRO-MINIATURE 
CONNECTORS. We are pioneers in the field 
of D- Connectors in Taiwan. For full details, 
please contact us today / | 


HIGH DENSITY D-CONNECTORS 

* Crimp-type: 15, 26, 44, 62, 78, 1C4P, both male 
and female 

* DIP P.C.B. type: 15, 26, 44, 62, 78, 104P, male 


HIGH DENSITY D-CONNECTORS 
* Right-angle type: 15, 26, 44, 62, 78P, female 


D-MICRO-MINIATURE CONNECTORS 
* Plastic shell: 9, 15, 21, 25, 31, 37, 51P 


We also manufacture: 

* D-Sub Connectors, Specializing in crimp-type 
9,15, 19, 23, 25, 37, 50: Solder-type; P.C.B. 
type; Right-angle type; and IDC type 

* Plastic hood, zinc alloy hood 

* Centronic connectors also available 


“See Us at the Wescon Show, . 
Booth No. 4401" 


Agent Wanted 
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No. 84. Lane 43, Hwa Cheng Rd... Hi 


Alternative computer 
architectures 
reduce bottlenecks 


The Von Neumann architecture 1s no long- 
er the architectural mainstay of the com- 
puter world. Although pipelining techniques 
improve upon a Von Neumann machine's 
performance, combining pipelining with one 
of the newer architectures or topologies will 
prove to be far more effective. 


James W Hess, Ohmeda 


For decades, the Von Neumann architecture has domi- 
nated the computer field, but an architecture of this 
type doesn’t permit parallel processing. Today’s com- 
puters need to operate in parallel to avoid bottlenecks 
and to achieve the higher rates of performance that 
future applications will undoubtedly call for. 

Fig 1a illustrates a traditional SISD (single instruc- 
tion, single data stream) Von Neumann CPU. The 
program counter keeps track of where the computer is 
in the program. To initiate an instruction cycle, the 
CPU places the address in the program counter on the 
address bus via the address buffer. The instruction 
latch latches the instruction returned by the memory. 
The decode and control logic decodes the instruction 
and generates the control signals, which effect the 
instruction execution. 

After the instruction fetching and decoding is com- 
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plete, the CPU sends out the address of the first data 
operand needed for the instruction, which it has stored 
in an internal register (Fig 1b). The CPU also stores 
the operand returned by the memory within an internal 
register. Next, it presents the address of the second 
operand through the address buffer. This address can 
be a part of the instruction itself, or it may also reside 
in an internal register. 

Once both operands are in the possession of the CPU, 
it performs the instruction and temporarily stores the 
result of the operation in an internal register. The CPU 
then retrieves the storage address for the resultant 
from another internal register and places that address 
on the address bus, finally storing the result off-chip. It 
places the next instruction’s address on the address 
bus, and the next instruction cycle begins. 


A pipelined computer reduces bottlenecks 


Computers with a Von Neumann architecture are 
prone to bottlenecks because a single bus handles the 
fetching of both instructions and data. In the example 
in Fig 1, assuming all data operands are stored in 
memory, a single instruction requires a total of 10 
machine cycles. 

Computer manufacturers have devised several meth- 
ods of alleviating this bottleneck. One popular approach 
is pipelining. Generally, during the execution of an 
instruction, the CPU has to perform several operations 
that require several hardware sections. Actually the 
CPU can perform some of these operations at the same 
time, overlapping sections of different instructions. 
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Pipelined computers are very similar to 
Von Neumann machines except for the 
simple addition of latches between the 
functional blocks. 


Pipelined computers are machines designed to execute 
different portions of different instructions at the same 
time. They are very similar to Von Neumann machines 
except for the simple addition of latches between the 
functional blocks (Fig 2a). When a computer latches a 


PROGRAM COUNTER 
ADDRESS BUFFER 
DECODE/CONTROL 
LOGIC 


ADDRESS BUS 


INSTRUCTION LATCH 


DATA BUS 


(a) 


OPERAND IN, ADD, AND 


RESULT-ADDRESS AND 
(b) STORE RESULT DATA OUT 


signal as the signal leaves a functional block, that 
functional block is then free for the next instruction to 
use. At the same time, the next functional block can 
operate on the latched signal. 

A pipelined computer fetches its instruction and data 


CONTROL SIGNALS 


INSTRUCTION DECODE OPERAND ADDRESS OUT 


FETCH NEXT INSTRUCTION 


Fig I—In a typical Von Neumann configuration (a), the ALU has input paths from the registers and data buffers and feedback from the ALU 
output. In b—an illustration of the flow of instruction and data information for two instructions, A and B,—note that instruction A has to be 


complete before the next instruction, B, is even fetched. 
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sequentially the way a Von Neumann computer does, Also, while the CPU is executing the first instruction, it 
but as it executes the first instruction, it also fetches decodes the next instruction, eliminating the decode 
the next instruction. This overlap between instruction machine cycle of the second instruction. In this exam- 
fetching and execution allows the CPU to effectively ple, the pipelined computer requires seven cycles in- 
fetch the next instruction using a “free” clock cycle. stead of the 10 that the Von Neumann computer in Fig 1 


PROGRAM COUNTER 
ADDRESS BUS __| ADDRESS BUFFER 


CONTROL SIGNALS 


DECODE/CONTROL| © 
LOGIC 


INSTRUCTION LATCH 


(a) 


DECODE INSTRUCTION A, FETCH OPERANDS FOR 
INSTRUCTION A IN INCREMENT INSTRUCTION POINTER INSTRUCTION A 


INSTRUCTION B ADDRESS OUT, DECODE INSTRUCTION B, 
b PERFORM INSTRUCTION A, AND INSTRUCTION B IN WRITE RESULT OF INSTRUCTION A 
(b) STORE RESULTS IN REGISTER TO MEMORY 


Fig 2—To increase the throughput of a Von Neumann machine, you can add latches to the control signals, data buffers, and ALU output (a). 
The latches allow the CPU to overlap the execution of an instruction with the fetch of the next instruction, which you can see in 6’s 


3-instruction sequence. 
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The Harvard architecture features two 
separate buses: one for data and one for 
instructions. 


needs; it is also 1.4 times faster than the Von Neumann 
machine. 

The simple computer illustrated in Fig 2 is a 2-stage 
pipelined machine: It can perform operations on por- 
tions of two instructions at a time. Computers are 
available that have pipelines with nine stages. Unfortu- 
nately, when a pipelined computer branches, it must 
flush the contents of the pipeline, and this flushing 
limits the pipelining’s effectiveness. Program sections 
involving long sequences of in-line code execute faster 
on pipelined computers than on nonpipelined machines; 
sections involving a lot of branching do not. 


Harvard architecture has dual buses 


Pipelining techniques don’t completely circumvent 
the Von Neumann architecture’s bottleneck problems, 
but you can use pipelining with one of the newer 
architectures and significantly reduce the chances of 
bottlenecks occurring. One of the newer configurations 
—the Harvard architecture—features two separate 
buses: one for data and one for instructions (Fig 3a). 
This dual-bus arrangement allows the processor to 
fetch instructions and data in parallel. 

When combined with pipelining, the Harvard archi- 
tecture allows very efficient use of the computer hard- 
ware. A Harvard machine with two data buses and an 
instruction bus starts an instruction cycle by fetching 
an instruction (Fig 3b). After decoding the instruction, 
the CPU fetches both data operands at the same time, 
one from each memory. It then executes the instruction 
and begins the next instruction fetch. As the CPU 
writes the results of the operation to one of the data 
memories, it simultaneously decodes the next instruc- 
tion. In the ideal case, this instruction sequence re- 
quires five cycles instead of the Von Neumann comput- 
er’s 10—a 100% improvement in execution speed. 

A computer based on the Harvard architecture is an 
SISD machine like a traditional Von Neumann comput- 
er, but programming differences do exist. If a Harvard 
machine employs two separate memories for data stor- 
age, a programmer must make sure that separate 
operands for the same 2-operand instruction are stored 
in different data memories—otherwise the machine 
won't be able to take advantage of its parallelism. 


RISC machine has more on-chip registers 

The more internal registers the CPU has for data 
storage, the faster it can execute instructions; similar 
instructions that operate from main memory take much 
longer. Access times for on-chip registers are typically 
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much shorter than those for main memory. In addition, 
a CPU often has separate read and write buses for the 
internal registers (resembling a Harvard machine in 
this respect), thus allowing multiple register accesses 
simultaneously. These features increase the speed at 
which the CPU can transfer data and, therefore, the 
overall speed at which it can execute instructions. 

A RISC architecture capitalizes on these features of 
the CPU and eliminates complex, seldom-used instruc- 
tions. The benefits are twofold: A RISC machine elimi- 
nates the circuitry devoted to the implementation of the 
complex instructions, thereby making room for more 
on-chip registers, and it can execute the simpler in- 
structions in one instruction cycle. 

A pipelined RISC machine starts an instruction- 
execution sequence by fetching an instruction from 
memory (Fig 4). The CPU decodes the instruction 
while it fetches the next instruction from memory. It 
then executes the first instruction and stores the result 
in internal registers. The data-fetch cycles are unneces- 
sary because the data is already in the CPU (in the 
internal registers). You must optimize the high-level- 
language compilers to achieve maximum register usage 
and to minimize data transfers to memory. 


Topologies point the way 

Although an improvement, RISC machines are still 
less than perfect. Like the architectures discussed 
previously, they use the SISD topology, executing a 
single instruction and processing a single piece of data 
at a time. The SISD topology limits processing power. 
Manufacturers are coping with this limitation by turn- 
ing to interconnected multiprocessor systems—loosely 
coupled, networked topologies, tightly coupled systolic- 
array topologies, and MIMD (multiple instruction, mul- 
tiple data stream) topologies. 

A cluster of microcomputers linked together over a 
local-area network is an example of a very loosely 
coupled topology. In spite of the links, this topology is 
still basically an SISD type. Several computers linked 
together over a LAN can run different programs for 
different users concurrently, effectively providing a 
larger, faster computer, but this grouping of computers 
doesn’t provide any performance advantage when it’s 
operating on a single large program. 

One example of a loosely coupled computer system is 
a master-processor-based system, in which the master 
processor sends commands to many slave processors 
operating independently of one another. Many robot 
systems use this type of topology. The master comput- 
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a a ee 


er determines which motions each joint in a robot’s arm _ the same program, but the master processor directs the 
should make and sends the appropriate commands to program flow. 

the processors controlling the individual joints. In a At the other end of the spectrum are tightly coupled 
sense, all the processors in the system are operating on topologies. Rather than link processors loosely through 


INSTRUCTION 


ADDRESS PROGRAM COUNTER 


ADDRESS BUS ADDRESS BUFFER 
DECODE/CONTROL 
LOGIC 


DATA BUFFERS [ 


| LA 


CONTROL SIGNALS 


INSTRUCTION BUS 


LATCH 


(a) 


GET DATA FOR INSTRUCTION, 
OUTPUT INSTRUCTION ADDRESS GET AND DECODE INSTRUCTION OUTPUT DATA ADDRESS EXECUTE INSTRUCTION 


STORE RESULT, GET RESULT OUTPUT RESULT, 
ADDRESS, OUTPUT NEXT GET AND DECODE 
(b) INSTRUCTION ADDRESS NEXT INSTRUCTION 


Fig 3—A pipelined Harvard processor, in addition to providing latches for pipelined operation, comes with both an instruction bus and a data 
bus, allowing some degree of parallel operation. 
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A RISC machine eliminates the circuitry 
needed to implement complex instructions, 
and it can execute the simpler instructions 
in one instruction cycle. 


a network or other similar fashion, a systolic array 
groups individual processors, which are designed to 
operate in parallel on a program. An instruction cycle 
for a systolic array begins like that of any SISD 
computer; the processor fetches an instruction from the 


PROGRAM COUNTER 
ADDRESS BUS ADDRESS BUFFER 


instruction memory. After the instruction is decoded, 
however, several or all of the processors in the array 
operate in parallel on the data required for instruction 
execution. 

In contrast to the relatively straightforward task of 


CONTROL SIGNALS 


OUTPUT INSTRUCTION ADDRESS GET INSTRUCTION 


STORE RESULT IN REGISTER, 
(b) GETNEXT INSTRUCTION 


GET OPERANDS FROM REGISTERS, 


DECODE INSTRUCTION OUTPUT NEXT INSTRUCTION ADDRESS 


Fig 4—The RISC machine’s divergence from the Von Neumann model is evident from the instruction sequence of b. Operands are generally 
available in on-chip registers (a) and results are stored there as well, resulting in better performance because of the faster accesses afforded by 


the on-chip registers. 
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is 


Code must match topology 


Although higher-level languages 
are available for systolic-array 
processors, a programmer must 
write code that will run in paral- 
lel on the array’s processors to 
take full advantage of the ar- 
ray’s architecture. Specifically, a 
programmer must adapt sequen- 
tial algorithms for parallel pro- 
cessing. 

For example, if an array of 
processors is working on a prob- 
lem such as 


C=cosine(A)+sine(B), 


the programmer might break 
the procedure up into three pro- 
cedures, each running on a sepa- 
rate machine: 


1) D=cosine(A), 
2) E=sine(B), 
3) C=D+E. 


Procedure 3 must positively en- 
sure that the first two proce- 
dures are complete before the 
third procedure begins. 

One way to convert from se- 
quential to parallel operation is 
to employ data-flow principles in 
the computer architecture. Fig 
A shows the three basic func- 
tional blocks of a data-flow com- 
puter. Tagged data flows from 
the execution unit to the associa- 
tive memory. The I/O system 
monitors this flow for output 
data and inserts input data into 
the data stream. Data flows 
from the associative memory to 
the execution unit. 

A cell in the associative-memo- 
ry block contains an instruction 
latch, several data latches, a tag 
latch, and comparators. Each 
tag comparator monitors the 
data stream that flows into the 
associative memory. When a 
data tag flows by that matches 


nals the instruction that this bit 
of data is available for pro- 
cessing. 

When all the data necessary 
for this instruction is latched 
and available, the instruction 
and its data travel to the execu- 
tion unit. The execution unit 
then operates on the data, tags 
the result, and inserts the 
tagged result into the data flow. 

The data-flow approach makes 
programs parallel on an instruc- 
tion-by-instruction basis. When 
an instruction has all the data it 
requires, the data travels to the 
execution unit; there is no prede- 
termined instruction sequence. 
Multiple-execution units can exe- 
cute multiple instructions simul- 
taneously, just as long as the re- 
quired data is available for the 
instruction. 

Debugging these complex pro- 


- grams is significantly more diffi- 


cult than debugging programs 
running on a single processor. 
Consider the following scenario, 
for instance. If a program is 
running on a sequential ma- 
chine, and variable E is incor- 
rect when procedure 3 accesses 


ASSOCIATIVE MEMORY 


it, the programmer simply ex- 
amines E in each procedure that 
ran before procedure 3 until he 
finds the cause for the incorrect 
value. In a processor array, 
however, the programmer has to 
examine all of the currently ac- 
tive and previously active pro- 
cesses to determine which pro- 
cess changed the variable to an 
incorrect one. 

In some programs, many dif- 
ferent processes may be capable 
of changing E, all of which run 
in parallel. The programmer 
must examine all of these proc- 
esses and their interactions to 
determine where the error oc- 
curred. If the programmer steps 
through the procedure on one 
processor, the problem may dis- 
appear because part of the pro- 
gram would be executing at a 
slower rate than the rest of the 
program. This lack of concurren- 
cy compounds the difficulty of 
the debugging task. You can’t 
simply look back in the program 
to find the code that is responsi- 
ble for the error, as you can 
with a strictly sequential ma- 
chine. 


EXECUTION UNIT 


the value of a tag comparator, 
the comparator signals the data 
latch, which then latches the 
data. The comparator also sig- 


Fig A—Three basic units characterize a data-flow architecture: the execution unit, 
associative memory, and I/O unit (a). In the representation of the associative memory’s 
internal organization (b), each instruction and each bit of data has a tag associated with 
it. After the comparator gathers all the data with the help of the tags, the instruction and 
data are all sent to the execution unit. 
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A. systolic array groups individual proces- 
sors, which are designed to operate in par- 
allel on a program. 


programming other types of processors, programming 
a systolic array is complicated (see box, “Code must 
match topology”). Because all the processors in the 
machine are executing the same instruction, a program- 
mer must carefully route the data so that each instruc- 
tion applies to all the data in the machine. This difficul- 
ty limits the systolic array to specialized applications. 
Such processors find use mostly in scientific and engi- 
neering work, especially in signal processing, image 
processing, and matrix operations; all of these involve 
repeated multiplication and addition. 

An example of a commercially available machine that 
uses a systolic-array topology is the Connection Ma- 
chine from Thinking Machines (Boston, MA). The Con- 
nection Machine’s 65,536 single-bit processors are con- 
nected in a 16-dimensional hypercube configuration. 
Each single-bit processor has 4k bits of memory, and 
communications hardware allows message passing be- 
tween any two processors. The tightly coupled architec- 
ture allows a programmer to dynamically configure the 
machine to suit the particular application that’s run- 
ning. 

According to the manufacturer, the Connection Ma- 
chine can process 2- and 3-dimensional images 1000 
times faster than more conventional computers of the 
same complexity. A valuable business application for 
such a machine is searching for text in document files. 
Because the machine has so many processors, each one 
can search a portion of the document for the required 
text, providing phenomenal search and find rates. 


The VLIW machine provides multiple ALUs 


The VLIW (very long instruction word) computer, 
available from Multiflow Inc (Branford, CT), takes a 
different approach to increasing parallelism. This 
MIMD computer has multiple ALUs, which are avail- 
able to each instruction word. In this way, each instruc- 
tion word may contain multiple instructions that the 
multiple ALUs can execute in parallel. 

The VLIW computer employs a tightly coupled archi- 
tecture that takes advantage of a program’s tendency 
to have instruction sequences in which many of the 
instructions aren’t directly dependent on each other. 
For example, the equation 


A=sine(B)+cosine(C) 


requires that the transcendental functions sine(B) and 
cosine(C) operate first, before the addition. Because 
the data necessary for these two operations (sine(B) 
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and cosine(c)) is independent, the two operations can 
run simultaneously. 

Sophisticated compilers running on the VLIW ma- 
chine partition programs, written in conventional lan- 
guages such as C, into operational chunks that the 
separate ALUs can then execute. Program development 
for the VLIW computer is essentially the same as for 
traditional SISD computers, providing that the applica- 
tions programmers use the high-level languages that 
the manufacturers supply. 

A final example of a commercially available machine 
with a highly parallel topology is BBN’s (Cambridge, 
MA) Butterfly. An array of MC68000 processors con- 
nect in a switching-system topology similar to the 
butterfly configuration that fast Fourier transforms use 
for moving data. 

The Butterfly can have as many as 256 processors, 
each with its own memory and I/O. Each processor can 
directly access all the memory in the system: Each 
accesses local memory conventionally but performs 
remote-memory accesses using packet-switching tech- 
niques. A processor serializes off-board memory-read 
requests and then sends the address and read status to 
a switch. The switch sends the information to either the 
next switch or the addressed board. When a board 
receives a packet, it responds by getting the data from 
its memory, serializing it, and sending it to the request- 
ing board. EDN 
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TIME OR FREQUENCY 
AT A SINGLE KEYSTROKE 
FOR UNDER $4500. 


The R370 is a PC-based 10MHz Spectrum Analyzer. 2-channel, And the R370 is a PC-based 20MHz Digital Oscilloscope. Sample 2 
real-time, 1OMHz FFT spectrum analyzer. Sample 2 channels channels simultaneously at 20MHz. 64K data buffers per channel. EMI 
simultaneously. 64K data buffers. Autosave in time or frequency displays protected metal case with power supply. Switchable 50 ohm or IMeg input 
to hard or floppy disk. Two modes of spectrum averaging: either impedance. Software-selectable gain ranges allow resolution of Imv to 


blockmode (64-1K buffers) or individual sweeps. Linear or log amplitude 250 volts. Full analog and 100% digital triggering. Trigger adjust 
scaling. Amplitude and frequency cursor. Display 1024 FFT spectrums 5 potentiometer. Software drivers for “C”, BASIC, and Turbo-Pascal. 
to 10 times a second (depending on PC configuration). 


I I 


Plug the R370 into a per- 
sonal computer, slip in the 
software disk, touch one but- 
ton, and you’ re ready to go to 


Starting today, spectrum 
analyzers and digital oscillo- 
scopes are no longer separate 
and distinct instruments, each 


with their own high cost of work. Totally turnkey. It’s that 
acquisition. simple and easy to use. 

Starting today, they are one 
instrument: the Rapid Systems Call now for . 

R370. demonstration. 

And the total price for all For your free copy of the 
that performance in both time new Rapid Systems catalog, 
and frequency? to order, arrange a demonstra- 

$4495! tion, or for further informa- 

tion, call or write Rapid 
PC-based for user Systems, 433 N. 34th St., 
convenience. Seattle, WA 98103. (206) 
The R370 is PC-based, of 547-8311, Telex: 265017UR. 


course. All Rapid Systems in- 
struments are PC-based: de- 


signed, manufactured and RAPID SY. STEMS 


tested to be ready to operate, : : - 
the minute you receive them. Changing the way we think about instruments. 
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Now you can cut the cost It's the most integrated 


ofa PC LAN dramatically with networking solution in the 
Our New 82588 LAN controller. 1-2 Mbps range. 
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And it’s optimized to run 
with standard phone wiring. 
Which means that low- 

Cost PC LANs can finally get 
off the ground. And that’s 
exciting. Especially when 
you consider that 10 million 
PCs out there could use an 
inexpensive way to connect. 

That's a great reason to 
start designing now 
with the 82588. It's 
the LAN controller 
that reduces cost by © 
cutting your board space in 
half. Saving you the bucks 
and bother of installing 
extra chips. 

We put timing recovery, 
data encoding/decoding, 
collision detection and trans- 
mit clock generation all on 
a single chip.To lower your 
component count. 

Which adds up to even 
more savings in areas like 
assembly, testing and reliability, 

And we made sure that 
the 82588 supports emerging 
LAN standards like StarLAN. 
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It also supports the IBM’ PC 
Network. Plus many other 
specialized baseband and 
broadband LANS. 

And because it snaps 
together with Intel’s world 
standard 186 and 188 micro- 
processors, you eliminate 
TTL glue and save even more 
money.While speeding 


fee up your design. 


To help your LAN 
products take off, we're 
offering an easy-to-use 
design kit. Included are two 
82588s plus all the essential 
hardware, software and 
documentation needed to 
tie two PCs together. And all 
for just $65. 

For information on how 
to get yout kit, call Intel 
toll-free at (800) 548-4725 
and ask for Lit. Dept. W-334. 

Then see how high your 
foam can soat. 
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AUTOCAD® RELEASE 9. 


ITS ENHANCEMENTS ARE 


EVIDENT. 


AutoCAD’s new release 
builds on the strengths of 
its eight predecessors. 
Here's how: 


PULL-DOWN MENUS. 


Release 9’s pull-down 
menus let you choose all of 
AutoCAD’s fundamental 
commands with a click of 
your mouse or digitizer. You 
can also customize menus 
to provide your own fre- 
quently used commands. 
Pull-down menus are com- 
patible with AutoCAD’s 
proven system of screen and 
tablet menus. 


ICON MENUS. 


When you wish to select 
3-D objects, text fonts, or 
hatch patterns, for example, 
you can pick them from an 
icon menu that appears on 
the screen. You can do the 
same thing with objects you 
create on your own. Icon 
menus make it easier and 
faster to choose the option 
you want. 


DIALOGUE BOXES. 


These let you converse with 
AutoCAD; give it instruc- 
tions by “filling in the 
blanks.” They can simplify 
many of your tasks—enter- 
ing layer information, for 
example. 


FILE PORTABILITY. 


With Release 9, drawing 
files are directly compatible 
without any conversion 
steps across four different 
operating systems on four 
different machine architec- 
tures: PC-DOS/MS-DOS, 
Apollo AEGIS, DEC VMS, 
Sun UNIX* 


On a network with different 
types of computers you can 
access a single copy of a 
drawing from any machine. 


MORE NEW FEATURES. 


Release 9 also offers you 
twenty additional text fonts 
from the industry standard 
Hershey library, B-spline 
curve generation, and a 
direct link to the newly 
released AutoShade™ 


RELEASE 9 = MoRE 
POWER + EASIER ACCESS. 


If you think CAD would 
boost your productivity, but 
you worry that a serious pro- 
fessional CAD package will 
take forever to learn, Auto- 


CAD Release 9 is for you. 


You'll be able to put its 
extraordinary capabilities 
to work faster than you ever 
thought possible. 


AutoCAD is registered in the US. Patent 
and Trademark Office by Autodesk, Inc. 
AutoShade is a trademark of Autodesk, Inc. 
2320 Marinship Way, Sausalito, CA 94965 
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AUTOCAD 
THE STANDARD. 


CAD is an essential produc- 
tivity tool today, as essential 
as drafting boards and 
‘T-squares were yesterday. 


With over 100,000 packages 
sold in seven languages 
around the world, Auto- 
CAD is the CAD software 
of choice among architects, 
engineers and designers. 


CALL 800/445-5415 FOR 
DETAILS. 


We'll put you in touch with 
an authorized dealer who 
will show you the unprece- 
dented power and ease of 


use of AutoCAD Release 9. 


Your dealer will also show 
you which graphics systems 
can support our new display 
capabilities. 


*PC-DOS is a registered trademark of Interna- 
tional Business Machines Corporation. MS-DOS 
is a registered trademark of Microsoft Corpora- 
tion. Apollo AEGIS is a trademark of Apollo 
Computer, Incorporated. DEC and VMS are 
trademarks of Digital Equipment Corporation. 
Sun is a trademark of Sun Microsystems Incorpo- 
rated. UNIX is a trademark of AT&T Bell 


Laboratories. 


AN. 


AUTODESK, INC. 


Tools for the golden age 
of engineering. 
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Letus build 


That's right, and up to five copies. An 
exclusive offer from the industry leader. 


Who qualifies? Anyone. Anyone, that 


is, who places an order for our PCB 
Worksystem™ the complete printed 
circuit board develooment system that 
takes you from schematic capture 
through physical layout. Well also give 
you tree help from a qualified Tektronix 
Design Center. It's the kind of support 
you've come to expect from Tektronix. 


Its all part of Tektronix Aided 
Engineering, an integrated software 
approach addressing each area of 
your product develooment cycle. 


So use the handy coupon or call 
Us today at 800-T EK-WIDE, ext. 1594, 
to get all the details on your free PCB 
prototype manufactured at our class 
‘A’ MRP certified plant in Forest Grove, 
Oregon. Hurry, this offer can't 
last forever. 


WorkSystem is a trademark of Tektronix, Inc. 
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*Place an order for our PCB 


PCB Prototype. 


WorkSystem now through 

December 18, 1987, and we will 
provide you with facilities, computers 
and consulting support to help you 
develop an approved printed circuit 
board design before you accept 
delivery of the WorkSystem. Up to 5 
copies of your first unstuffed board will 
be manufactured. Subsequent boards 
do not have to be manufactured at our 
PCB facility. All board designs must 
have prior Tektronix approval and there 
will be a per day fee for cancelled 
purchase orders. 


Yes. | want a Free 
PCB Prototype. 
send more information 


Name 
Title 
Company 


Address 


Phone 


Tektronix/CAE Systems Division, PO. Box 4600, MS 94/520, 
Beaverton, OR 97076. Or call 800/TEK-WIDE ext. 1594. 


Tektrone< 
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SEEKING THE ULTIMATE 
MICROCODE DEVELOPMENT SYSTEM 


YOUR SEARCH IS OVER! 


peed, support and satis- 

faction. That’s the HILEVEL 
approach to meeting your 
microcode development systems 
needs, without compromise. 


Microprogram development 
and debug is fast and easy, 
thanks to highly-productive 
software development tools com- 
bined with the most powerful 
hardware available. We back 
each system with unmatched 
service and support, and the 
longest warranty in the industry. 


e Guaranteed Access Time at 
Target Side of Pod. 


¢ Most Powerful Logic 
Analyzer, with Exclusive 
Trace Waveform Display. 


e Most Advanced Macro-Meta 
Assembler in the Industry. 


¢ Toll-Free Applications 
Assistance. 


¢ Memory Board Exchange 
Credit. 


And, we’ll demonstrate an 
ease-of-use that invites 
comparison with any other 
system on the market. 


Avoid compromises. 
Demand the finest. Call today. 


DIAL TOLL FREE: 
1-800-HILEVEL 
In California, call 
1-800-752-5215 
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18902 Bardeen, Irvine, CA 92715 ¢ Phone: (714) 752-5215 ¢ TELEX 655316 « TELEFAX (714) 752-0724 
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‘DESIGN IDEAS 


EDITED BY TARLTON FLEMING 


Transmission gate improves clock driver 


Terje Kvinge 
EB NERA, Bergen, Norway 


Data latches within a CMOS digital IC require biphase 
clock signals (OUT and OUT in Fig 1) whose nearly 
simultaneous transitions are unaffected by the output 
load. The basic circuit shown in Fig 2a, for example, 
has outputs separated by a time interval of one gate 
delay (Fig 3). This circuit’s increasing time skew vs 
load can cause false latching. 

You can eliminate the load-variable time skew by 
adding a third inverter gate (Fig 2b), but the outputs of 
this circuit also remain separated by a 1-delay interval. 
(Adding a noninverting buffer to Fig 1a’s OUT output 
doesn’t solve the problem. The noninverting buffer— 
two inverters in cascade—has a 2-gate delay, which 
again causes a 1-gate delay between the driver's out- 
puts.) 

The optimum driver circuit (Fig 2c) has a forced 
(permanently on) transmission gate in the signal path. 
Delay through the transmission gate is more than half 
that of an inverter, resulting in less than one-half of a 
gate delay between the clock-driver outputs. 

Because the transmission gate is bidirectional, its 


1 LOAD 


INPUT fT LT 
OUT / y, \ \ 
OUT \ \ Z / 


5 LOADS 


INPUT | | | 
OUT / y, \ » 
a A 


10 LOADS 


INPUT | | 


20 nSEC 


Fig 1—These waveforms show the effect of loading on the optimum 
clock driver circuit of Fig 2c. 
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BASIC CLOCK DRIVER 


IMPROVED CLOCK DRIVER 


Fig 2—These are alternative circuit configurations for a biphase 
clock driver. Output skew for these digital CMOS circuits is illus- 
trated in Fig 3. 


Fig 3—This graph of output load vs output time skew shows that 
Fig 2c’s optimum circuit exhibits skew that 1s small and independent 
of load. 


wD een —. $$ 


output signals can feed back to the input and disrupt 
the clock driver’s operation. To avoid this problem, 
drive the circuit with an inverter or an AND gate— 
never with a flip-flop or an OR gate. (Higher carrier 
mobility gives an n-channel transistor better drive 
capability than that of a p-channel transistor. Because 
OR gates have two p-channel transistors in series (vs 
the AND gate’s two in parallel), an OR gate has a lower 
noise margin and slower low-to-high transitions.) EDN 
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___ A STRIKING NEW 
ONIBINATION OF SPE 
D RECORD LENGTH! 


MS/s., 10-bit Add a TV triggering option 
tion, +.4% gain for video applications. And 
y,and64K record = choose from a variety of 
best balancein computer-based measure- 
dic ment packages. 


Call 1-800-835-9433 
for more information or 
to arrange a personal 
demonstration. 
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Op-amp current mirror drives load current 


Sandro Centro 
University of Padova, Padova, Italy 


In the programmable pulse-width generator shown in 
Fig 1, a general-purpose op-amp current mirror (Rg, 
R3, and IC.) allows a current-output D/A converter to 
deliver current (I;,) to a load. The load in this case is the 
timing capacitor of the one-shot multivibrator IC3. 

The circuit’s output pulse width is a linear function of 


In=Vr/Ri 
Vrer(+) 


Cc 


 DAC-08 


B1 B2 B3 B4 BS B6 B7 B8 


the digital input D, within accuracy limits imposed by 
the components used. You must set a minimum value 
for I, to assure operation of the one-shot, either by 
grounding some D/A-converter inputs, as shown, or by 
adding a resistor in parallel with C). EDN 
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O OUTPUT 


INPUT © 


Fig 1—Op amp IC, mirrors the D/A converter’s output current to the timing capacitor of one-shot IC;, providing digital control of the 


one-shot’s output pulse width. 


Phase shifter uses digital techniques 


Albert Helfrick 
Dowty RFL Industries, Boonton, NJ 


The Fig 1 circuit produces a digitally selected phase 
difference between two sine waves of equal amplitude 
and frequency (outputs A and B). You set a discrete 
phase increment by selecting one or more of the quanti- 
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ties 2, 4, 8, 16, 32, 64, and 128° (coarse setting) plus one 
or more of the quantities 1, %, %, and %° (fine setting). 
The circuit creates these outputs by first generating a 
precise phase relationship between two square waves 
and then filtering each to remove all but the fundamen- 
tal frequency component. 

Because the switched-capacitor filters are sampled- 
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Wuy YoU SHOULD PHONE 

SEAL CORPORATION 
ABOUT HERMET 

(CUSTOM CONNECTORS 


HERMET 


Our custom connectors sa 
some of the most severe require- 
ments that you can imagine: 
pressures to 65,000 psi, 
temperature ranges from —325°F 
to +1000°F and leak rates of 
| x 10°? cc/sec. helium at a one 
atmosphere differential. 

So chances are no matter how 
tough you decide to get with 
your specifications, we can 
satisfy them. 


Proven performance in 
unbelievable 
environments 

Many of the world’s 
largest companies 


© 1987 Hermetic Seal Corporation 


nnoomeecenny AOL 


Now. 


involved in 
geophysical, 
underwater, 
nuclear and 
aerospace activities 
come to us for their — 
hermetically sealed 
connectors. 
We've built shells from 
mild or stainless steels, 
inconel, monel and tita- 
nium. Contacts have been 
of both mild and stainless 
‘Steel, 52 alloy, inconel, paliney, 
platinum, copper, constantan, 
alumel and chromel, to name 
a few. 
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|. As the pioneer in — 
ms the field of hermetics, 
HSC can give you the 
resources to solve 
the most difficult challenges... 
quickly. 

Phone us with your creative 
requirements...custom or 
special, military or commercial. 

Hermetic Seal Corporation 
An HCC Industries Company 
4232 Temple City Blvd. 
Rosemead, CA 91770 
213-283-0411, TWX: 910-587-3352 
FAX: 818-443-6610 
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DESIGN IDEAS 


data devices (IC; and IC,), they can’t recognize phase 
increments equivalent to a time interval less than the 
filter’s clock period. For the circuit shown, this period 
equals the output period divided by 180, or 2° in terms 
of phase. (The filter chips—6th-order, lowpass Butter- 
worth types—internally fix the ratio of clock-to-cutoff 
frequency at 100. The cutoff frequency is 1.8 times the 
filter’s input frequency, so the clock-to-input ratio is 
180.) 

You establish the 2° coarse-phase resolution by pro- 
viding an input clock frequency 2880 times the desired 
four. Counter IC, then divides this input by 16, produc- 
ing the 180four system-clock signal. 

To obtain finer resolution (below 2°), the 4-bit, pre- 
settable counter IC, lets you introduce a phase differ- 


5VO 


16 110 7 


INPUT CLOCK 


(2880four) © ICs 


HC163 


ence between the filters’ clock signals. This method 
provides %, %4, %, and 1° phase increments; for finer 
resolution you could substitute an analog approach for 
introducing the phase. 

The sinusoidal filtered-square-wave outputs A and B 
have low distortion (about —60-dB THD) and well- 
defined characteristics of frequency and phase. You 
must add lowpass filters to the A and B outputs, 
however (not shown); without filtering, the outputs 
exhibit about —25-dB THD. Each filter chip includes 
two uncommitted op amps for constructing the lowpass 
filters. EDN 
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Fig 1—By extracting the fundamental components from two digitally synthesized square waves, thi 


amplitude sine waves with a programmable phase difference. 


s circuit produces two constant- 
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Current-to-frequency converter spans 140 dB 


Steven E Sarns 
Vesta Technology Inc, Wheatridge, CO 


The circuit of Fig 1 converts a photodiode’s current into 
frequency, producing an output that ranges from 0.1 Hz 
to 1 MHz. Conversion is reasonably linear from below 
0.1 Hz to 100 kHz; it becomes nonlinear above 100 kHz. 

Capacitor C, and the op amp form an integrator. 
Ambient light induces current flow in the photodiode 
D,, and the two topmost switches in IC, route this 
current alternately into and out of the integrator’s 
summing junction. As a result, the op amp’s output 
ramps up, then down, forming a triangular waveform. 

IC,—intended for use in switched-capacitor circuits 
—contains analog switches whose speed and low charge 
injection are well suited to this application. The chip’s 
four switches respond synchronously to the Schmitt- 
trigger input Cogc (pin 16). When this input voltage is 
high (all switches to the left as shown) diode current 
flows into the summing junction, driving the integra- 
tor’s output negative. When pin 16’s voltage is low 
(below the lower switching threshold), the switches 
throw to the right, causing the diode to pull current out 
of the junction. 

Notice that the photodiode’s dark current is constant 
because voltage across the diode is constant, thus 


10M 


BIAS ADJ 


(SIEMENS) | A. 
6VO 13] | 


ICy 
LTC1043 
(LINEAR 

TECHNOLOGY) 


pL 
OUTPUT 


allowing cancellation via the R, trim network. Rs; lets 
you compensate for charge injection in the switches, 
and the R, network lets you trim the error due to bias 
current at the op amp’s inverting input. The lower 
switch provides a TTL-compatible output. 

To calibrate the circuit, replace the +6V supplies 
with +100-wV sources and replace the photodiode with 
a 10-MQ resistor. Adjust R, for a symmetrical triangu- 
lar output from the integrator, and then reinstall the 
photodiode and +6V supplies. 

Next, adjust R, for minimum output frequency with 
the circuit in complete darkness (obtaining nearly com- 
plete darkness might be tricky—the diode can “see” a 
scope trace several feet away). Then with the circuit 
exposed to a medium light level, adjust R; for minimum 
disturbance at the triangular waveform’s switching 
points. (Without trim circuitry, the circuit operates 
from less than 1 Hz to more than 100 kHz.) 

The supply-voltage range is +3 to +18V. The LT1022 
op amp limits the upper frequency to approximately 1 
MHz; you can extend this limit by introducing a compa- 
rator between the op amp’s output and IC,’s Cogc input. 

EDN 
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Fig 1—This wide-range (140-dB) I/F converter converts photodiode current to a frequency that ranges from 0.1 Hz to 1 MHz. 
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SPECIFICATIONS 
MODEL FREQ. 
MHz 

MAR-1 DC-1000 
MAR-2 DC-2000 
MAR-3 DC-2000 
MAR-4 DC-1000 
MAR-6 DC-2000 
MAR-7 DC-2000 
MAR-8 DC-1000 


de to 2000 MHz 
amplifier series 


Unbelievable, until now...tiny monolithic wide- 


GAIN, dB - ®MAX. NF PRICE $ band amplifiers for as low as 99 cents. These rugged 
eu ee oo 0.085 in.diam.,plastic-packaged units are S0ohm* 
185 155 — 130 0 50 099 (100 input/output impedance, unconditionally stable 
ee ee ee ee ee regardless of load*, and easily cascadable. Models 
82 80 — 70 +1 7.0 1.90 ee in the MAR-series offer up to 33 dB gain, 0 to 
20. 16 «611 9 0 28 1.29 (25) +11dBm output, noise figure as low as 2.8dB, 

135 125 105 85 +3 50 1.90 (25) | 
oF ae i ae be ee and up to DC-2000MHz bandwidth. 


NOTE: Minimum gain at highest frequency point and over full temperature range. 
@ 1dB Gain Compression 
0 +4dBm 1 to 2 GHz 


designers amplifier kit, DAK-2 


*MAR-8, Input/Output Impedance is not 50ohms, see data sheet. 


Stable for source/load impedance VSWR less than 3:1 


Aiso, for your design convenience, Mini-Circuits 
offers chip coupling capacitors at 12 cents each.t 


Size Tolerance Temperature Value 
ifj (mils) Characteristic 
<) of each model, total 35 am plifiers 80 x 50 5% NPO 10, 22, 47, 68, 100, 470, 680, 100 pf 
80 x 50 10% X7R 2200, 4700, 6800, 10,000 pf 
Mec27V on ly 59 ; 95 120 x 60 10% X7R 022, .047. .068, .1y4 
a Minimum Order 50 per Value 


color dot 


CJ Mini-Ci 


A Division of Scient 


finding new wayS... 


setting higher standards 
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ific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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Step-up converter produces 5V from 1.5V 


Gerald Grady | 
Maxim Integrated Products, Sunnyvale, CA 


You can produce a regulated 5V output from a 1.5V 
battery cell by using the step-up de/de-converter circuit 
_ shown in Fig 1. The circuit can operate with Vg as low 
as 1V, but it requires at least 1.5V to start. The output 
can deliver 100 mA when Vs is 1.5V or 1.7A at 70% 
minimum efficiency when Vs is 3V. 

Supply voltage for the switching regulator IC, ap- 
pears first at pin 4 (start-up mode) and then at its own 
Vour terminal, pin 5. The chip includes an oscillator, 
bandgap reference, three voltage comparators, a catch 
diode, and associated control circuitry. An internal 
MOSFET lets you implement low-power applications; 
higher power calls for an external device: Q, in Fig 1. 
The on-chip oscillator provides a 55-kHz square-wave 
drive to both the internal and external MOSFET. 

When Q; turns off, current through inductor L, 
drives the drain-node voltage higher. Similarly, current 
through L; drives the voltage at pin 5 higher when the 
internal MOSFET turns off. This action generates two 
independent voltages, each higher than Vs. Q, and L» 
generate sufficient overhead voltage to enable the regu- 
lator chip to produce a regulated 5V output, and the 


CORE #55121-A2-2 (AL = 60) 
(MAGNETICS DIV OF SPANG 
& CO, BUTLER, PA) 


Fig 1—This switching-regulator circuit converts a dc input (as low 
as 1.5V) to a higher regulated value—to 5V, for example. 
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internally generated voltage ensures adequate gate 
drive to Q;. The internal voltage, clamped by the 10V 
zener diode D3, ranges from 10V (turn-on) to 15V 
(normal operation). Q,’s resulting Rpgoy) is only 0.0850. 

Resistors R; and R; determine the regulated output 
level. For Vrrc outputs other than 5V, set 


Ri=R,( Yt-1). 


You choose an R, value in the range from 10 k) to 10 
MQ. 

For low values of Vs, losses in the internal and 
external diodes and the Q, inductor sharply limit the 
maximum output current. The following design equa- 
tions let you determine component values while calcu- 
lating this current. First, Q; must be able to handle the 
peak current Ipx of inductor L: 


Ipx= Vgton/Le, 


where ton=0.55/fosc. For this circuit, then, Ipx.=1.07A. 
The circuit loss Voss is 


Vioss=Ipx(Rpsion + 2R1,)+ Vp,» 


where Rj,» is the de resistance of L, and Vp» is the 
forward voltage drop of Ds». For this circuit, 
Vioss=0.56V. The output current is 


I ___O.5LeT'pxfosc 
 Vrec—(Vs— Vioss)— i 


Therefore, Ionyr=103 mA for the circuit shown. Table 1 
shows the output currents you can obtain for various 
values of Vs and L2. The corresponding conversion 
efficiencies range from 70 to 85%. EDN 


To Vote For This Design, Circle No 746 


EDN November 12, 1987 


TTT TT TT ee sss 


The highest performance an 


ighest integration, ever. 
Together ona single 16-bit chip. 


The Z280™ gives you a more powerful CPU and higher 
performance peripherals than you ve ever seen on a 16-bit 


chip. Think of it as a 
complete microsystem 
ona chip. 


Unmatched 
performance... 

Start with the most 
powerful 16-bit engine 
available, add on-board Cache, 
MMU and Burst Mode 
memory support — and you ll 
begin to understand the 
2280's power and potential. 


... powerful on-board 
peripherals... 

Imagine the savings in 
cost and board size when 
you have peripherals like 4 DMA 
channels that'll give you 
transfers at 6.6 Mbytes/sec, and 
a full-duplex UART. 


Right product. Right price. Right away. 
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Counter/Timers 
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DRAMController |10-bitRefresh [None [None 


The choice is clear. 


JAN Devices Inc., Lionex Corp., Schweber Elec., Western Microtech., CANADA Future Elec., SEMAD. 
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-Mark Elec., 


...and the glue to tie it all together. 
With a DRAM Controller to support up to 1 MBit DRAMs and 


Programmable Wait State Logic — 
on board — you're really look- 
ing at significant glue reduction. 


7280: Truly a microsystem. 

The Z280 gives you a lot 
more performance. In a lot less 
board space. All off the shelf 
and backed by Zilog’s proven 
quality and reliability. Plus, its 
binary code-compatible with 
the Z80® and priced to rival 8-bit 
chips. And all the development 
support tools you need are 
available from industry leaders. 
Contact your local Zilog sales 
office or your authorized dis- 
tributor today. Seeing is 
believing. Zilog, Inc., 210 
Hacienda Ave., Campbell, CA 
95008 (408) 370-8000. 


Zilog 


an affiliate of 
EXON Corporation 
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DESIGN IDEAS 
Design Entry Blank 


$75 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design 
of each issue, determined by vote of readers. Addi- 
tional $1500 Cash Award for annual Grand Prize 
Design, selected among biweekly winners by vote of 
editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 
Name 


Tite = = s«éPhRhrorn'e 
Company 

Division (if any) 

Street 

City 

Design Title 


Home Address 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EDN, must be 
original with author(s), must not have been previously 
published (limited-distribution house organs excepted), 
and must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules 
of the Design Ideas Program. 


Signed 


Date 


Your vote determines this issue’s winner. All designs 
published win $75 cash. All issue winners receive an ad- 
ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate 
number on the reader inquiry card. 


ISSUE WINNER 
The winning Design Idea for the August 20, 1987, issue 
is entitled “Subroutine plots data from Basic programs,” 
submitted by Brown Porter Jr of Unisys Corp (Bristol, TN). 


MONOCHROME 19-INCH 
HIGH RESOLUTION MONITORS 


®@ Desk-top Publishing; Workstations 

@ Models for: 
IBM-PC/MDA/HERCULES/SYSTEM-2 
SUN, APOLLO, MASSCOMP, DEC 

@ Designer Cabinet; Choice of Phosphor 


@ Custom Scan Rates 
up to 1600 x 1200 
995 @ Digital or Analog Video 
up to 180 MHz 
and up @ Tilt and Swivel; 


(Singles) Anti-reflection Faceplates 
Shouldn't you be looking at us? 


= S 2°25 = 22 59 Fountain Street 
Er Framingham, MA 01701 
CORPORATION | (617) 875-6958 
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B. Paid Circulation 
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High-capacity removable storage with the added 
reliability of the Kodak name. 


Here’s the level of reliability you want for data 
storage... including all the confidence associated 
with the Kodak name. 

Kodak 6.6 MB flexible disk drives and 
Verbatim-brand media combine high capacity 
with the benefits of removable floppies: trans- 
portability, data security, and unlimited storage 
capacity. Proven servo-embedded technology 
eliminates read-write problems when disks are 
moved from drive to drive—problems common 
with other high-density storage systems. 

Designed for the IBM PC/XT/AT and compat- 
ibles, this half-height drive reads disks created at 
48, 96, 192, and 384 tpi. 

And, of course, with Kodak as your vendor, 
you're assured of consistent quality and a long- 
term commitment to supply and support. 

For more information, write or call today. 
Eastman Kodak Company, Mass Memory 
Division, 343 State Street, Rochester, NY 14650. 
1-800-44KODAK, ext. 991. 


FLOPPY 


DISK DRIVE 
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High-Performance LCD Modules 
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Industrial Products 
INDUSTRIAL ELECTRONICS ENGINEERS, INC. 


7740 Lemona Avenue, Van Nuys, CA 91409-923: 


Tel. (818) 787-0311, Ext. 418 


See us at WESCON booth #s 1230-1234 


Ask about our Evaluation Kit Offer! 
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SPACE ACE: 


Available now with 
Augat ZIP sockets ic n-rctishility gas-tight 
USC only half the contacts. | 
space of DIP. For 
twice the memory 24-pin 
ootprints. 
on your board. far DEBI 
Now, Augat makes DRAMs, 
it easier to utilize ZIP eee leit 
packaging technology to side and end toend. = |[Csand 
and double your board video DRAMS. Send 
performance. With ZIP us your size and we'll 
sockets that take up half send youa sample. Free. 
the space of DIP. Plus an insertion and 
They're the extraction tool for a 
end-to-end, side-to-side perfect fit. 


stackable solution. With 
flat top and tapered 

tails for easy, pick- 
and-place automatic 
insertion. 


U.S. and International Patents Issued 
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Get ahead in the 
Space race. With ZIP 
sockets. More innovation 
that works from Augat. 
The people you can count 
on to make the link 
between you and what’s 
new in packaging 
technology. 


Show me how ZIP sockets help me pack 

| more memory into less space. Send me my 

| free sample and insertion/extraction tool. 
My footprint size is _] 16 pins 

L] 20 pins L] 24 pins. 

My application is 

Name 

Title 

Company 

Street Address___ 

City State. 

Zip__—Tei:. 


Mail to: Augat, Inc. 
Interconnection Components 
Division, 33 Perry Avenue, 
Attleboro, MA 02703, (617) 
222-2202. FAX: 617 222 0693 


AUGAT INTERCONNECTION 


COMPONENTS 


Quality and Innovation 
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ENSURE MANUFACTURABLE PCBs 


WITH REDCAD PCB DESIGN AND 
LAYOUT SOFTWARE 


In PCB design, the competition is fierce. To 


stay on target and get your PCB designs to the 
market faster and with complete manufactur- 


ability, you need the proven performer in CAD... 
REDCAD Software. 


Backed by over 20 years 


of experience in CAE/CAD, 
REDCAD is the one PCB 


CAD Software that hits the 
mark for performance, speed, 
accuracy and price. Teamed 
up with the IBM PC XT/AT, 

it becomes the fastest micro 
system available. With just 
two fully integrated programs 
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to access, it’s easy to use and offers superior 
accuracy. 

REDCAD is the only electrically based package 
with comprehensive circuit capture/schematic 
design and a true connective data base. It handles 
automatic placement, automatic routing and 
design rules checking effortlessly. 


Take your winning shot in PCB CAD with 


REDCAD Software. Call us for a demonstration 


or for your nearest distributor. 


| REDCAD 


RACAL-REDAC 
4 Lyberty Way RIAIC/AL| 


P.O. Box 365 


Westford, MA 01886-9984 
Tel: (617) 692-4900 
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CHANGE TO CHOMERICS FOR 
LOW-COST, COMMERCIAL GRADE 
EMI GASKETS 


We heard you. You’ve wanted commercial- 
grade conductive elastomers priced com- 
petitively with wire mesh, carbon-loaded 
silicone, and metal finger stock. You also 
want them to deflect under low closure 
force. 

They’re here. Introducing the CHO-SEAL® 
1000 series of low-cost silver-filled elasto- 
mers that give you the performance you 
need—60dB EMI shielding in the 30MHz to 
1GHz range. 

They’re available in a variety of innova- 
tive shapes, with attachment time-savers 
like pressure-sensitive adhesives, mounting 
clips, and frames for pop-rivets. They can 
also be produced as custom designs. And 
of course you get the dust-sealing, acoustic, 
and cosmetic benefits which elastomers 
provide. | 

You get something else, too. Chomerics’ 
years of EMI shielding experience, reputa- 
tion for quality, and the most reliable prod- 
ucts in the industry. 

Make the smart change today. Call or 
write for the facts. 


, 


SM es TOY 
77 Dragon Court, Woburn MA 01888 
800-225-1936 (In MA: 617-935-4850) 


CHOMERICS EUROPE 
First Avenue, Marlow, Bucks, SL7 1YA England 
(06284) 6030 
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CSC 
Bipolar Arrays" 


Will Set You Free. 


Imagine the possibilities. 

In 8 short weeks you can have a customized linear IC, using 
GENESIS™ Bipolar Arrays from CSC™. This fast turnaround sets you 
free to respond to market challenges with new speed and precision. 

IC users worldwide have already benefited from CSC’s — 
expertise and quality control. As a result, CSC is now the 3rd 
largest U.S. producer of linear bipolar arrays. To make your design = 
decisions easier, CSC offers over 275 pre-designed linear and 
digital cells. For solutions that will set you free, talk to CSC. 

With GENESIS Arrays, the possibilities are limitless. 
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CHERRY SEMICONDUCTOR CORP., 2000 South County ‘i Trail, East Greenwich, RI 02818 
(401) 885-3600 FAX(401) 885-5786 Telex WUI 6817157 
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PROTOTYPE BOARDS 


@ For high-speed logic designs on 
the PS/2 Models 50, 60, and 80 

@ Have ground and power planes 
for surface-mount capacitors 


Two prototype boards are available 
for the IBM PS/2 Models 50, 60, and 
80 computers and for Micro Channel 
architecture. The Vectorbord plus 
model has socket pins and two pin- 
grid arrays (PGAs) with 21x25 
holes. The Pads ’N Planes model 
provides a pad for each hole in a 
grid area for IC sockets and in- 
cludes a PGA area of 14100 holes. 


A/D CONVERTER 


@ 32-channel single-ended capacity 
© Operates at a 200-kHz through- 
put rate 


The AD300 board-level A/D con- 
verter for the HP 9000 Series 200/ 
300 workstations provides multiple- 
channel data acquisition that 
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Each board holds 79 16-pin DIPs, 32 
or 24 SMD capacitors, and a 33-pF 
capacitor. The boards have solder 
tin/lead-coated circuitry, 2-0z power 
and ground planes, and etched hole- 
marking legends. Dedicated holes 
are provided for voltage and ground 
terminals. Both boards feature tran- 
sition pin areas for the bus edge 
connector and for a D-subminiature 
connector in the I/O area. $69 to 
$450. 

Vector Electronic Co, 12460 
Gladstone Ave, Sylmar, CA 91342. 
Phone (818) 365-9661. TLX 269308. 
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accommodates 32 single-ended ana- 
log inputs or 16 differential analog 
inputs. It operates at a 200-kHz 
throughput rate and provides 12-bit 
resolution. A »P controls all on- 
board operations, thus reducing 
program control by the host HP 
computer; a 64k-byte FIFO eases 
the processing load further. Using 
an onboard channel sequencer, the 
board can store as many as 2048 
states, each with its own channel, 
mode, and gain specifications. This 
operation allows many different 
types of measurements to be made 
without interaction by the host com- 
puter. A digital output port lets you 
program as much as 8 bits of data to 
control external instruments or cir- 


cuitry. Two external trigger lines 
provide voltage-level triggering and 
a rising-edge trigger. The board 
uses the HP GPIO protocol for pro- 
gramming and supports Basic, Pas- 
cal, and HP-UX operating environ- 
ments. $1900. ‘ 

Infotek Systems, 1045 S East St, 
Anaheim, CA 92805. Phone (714) 
956-9300. 
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SWITCH/CONCENTRATOR 


@ Packet switching for as many as 
16 X.25 data links 

e As many as four links can oper- 
ate at speeds to 64k bps 


The Smart Net 3700 Switch/Con- 
centrator provides a backbone for 
the company’s wide-area network 
products. It uses an 80286 16-bit »P 
with 250k bytes of memory to 
switch more than 100 packets/sec 
and provide line concentration. It 
can handle as many as 16 X.25 data 
links. As many as four of these links 
can operate at speeds to 64k bps 
with soft-configured V.35 or RS- 
232C termination. Using Smart- 
View, a PC/AT-based SmartNet 
network management system, you 
can centralize network manage- 
ment. The resident system-manage- 
ment service allows you to configure 
operating parameters, update rout- 
ing tables, perform diagnostics, 
monitor performance, and retrieve 
statistics locally or remotely from 
any point on the packet data net- 
work. The unit can route calls based 
on the content of the called address 
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field and the call-user-data field. 
The unit is available with two or 
four 64k-bps X.25 links and four, 
eight, or 12 medium-speed links. 
With two 64k-bps and 4 medium- 
speed X.25 links, $6400. 

PCI Inc, 26630 Agoura Rd, Cala- 
basas, CA 91302. Phone (818) 880- 
5704. 
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COLOR PLOTTERS 


@ Capable of 38.4k-byte/sec trans- 
fer rate 

@ 200- or 400-point/in. resolution 
available 


VS38000 Series electrostatic color 
plotters are plug compatible with 
pen plotters. Via an RS-232C inter- 
face, the plotters can accept vector 


Graphic Controller Board 
GRC 01/02 


@ High resolution, 1280 x 
1024 pixels. Command 


settable raster parameters. 
Up to 64 MHz. 


@ Hitachi HD63484 ACRTC 
with enhanced graphic 

drawing commands-line, | 
rectangle, circle, polygon, 9 @ 
ellipse, arc, filled rectangle 
paint, pattern, copy et 

@ Drawing speed upto 

500 ns per pixel for mo: 

chrome or colorappli 

@ 4 bit (16 colors) pe 

board. Expandable up 1 

65.536 colors through © 

3 slave-boards, 

@ 8 bit video DAC with p 
grammable colorlook-up 
table (max, 256 colors out — 

of 250.000) available as 
piggyback. 


@ 512 K byte (= 1 Mpixei) , 
dual ported on-board RA 
@ Independent X and Y 
zoom-factors. 

@ Interlaced or non-inter- 
laced operation. 


@ Lightpen input. 
@ 32 bit interface 


@ Programmable attributes: 
Blink background color, 
maskable planes, inverted 
video, interrupt on VSYNC, 


@ Configurable output: 
RGB, RS 343A, RS 170 and 
others. 


@ Hardware crosshair 
Cursor. 

@ 3 high speed hardware 
selectable horizontal split 
screens. Unlimited software 
split screens. 


ware windows. 


@ High speed hardware se- 
lectable window. Selectable 
modes: Transparent, over- 
lay, blink. Unlimited soft- 
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Software: 

@ 0S-9 driver software 
available. 

@ GKS implementation 
soon. 


@ Planes configurable for 
blink with programmable 
background colors. 
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data at transfer rates to 38.4k bytes/ 
sec. Via a Centronics interface, they 
can accept data in the Versatec Data 
Standards (VDS) format. Each of 
the units has a controller that in- 
cludes 4M bytes of RAM for vector 
memory. For large vector plots, 
55M-byte and 140M-byte disks are 
optional. The plotters are available 
in 200- and 400-point/in. resolution 
with 24-, 36-, and 44-in. media 
widths. With 200-point/in. resolu- 
tion: VS3224, $45,000; VS3236, 
$55,000; VS3244, $65,000. With 400- 
point/in. resolution: VS3424, 
$55,000; VS3436, $65,000; VS3444, 
$75,000. 

Versatec, 2710 Walsh Ave, Santa 
Clara, CA 95051. Phone (800) 588- 
6477; in CA, (800) 341-6060. TWX 
910-338-0243. 
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SILICON DISK 


@ Plugs into an IBM PC, PC/XT, 
or PC/AT 

@ Provides 3M bytes of program 
storage 


Intended to reduce the disk-access 
delays associated with CAD/CAM 
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Tes g cards i is the widest varie van 


system performances 


SIGNALINTEGRITY —_ : 


To get the most from your ‘test system, you must make sure your signals 
are switched without attenuation, distortion or alteration by the switch- 
ing and interconnect \ Since Keithley has more switching cards than any- 


one, you can be assured of signal integrity, no matter what the test \ 


Choose from: 

Matrix Most flexible 

ocan/Multiplex 1, 2, or 4 pole switching 

Sensitivity Currents to 40fA, voltages to 30nV 

High Level Currents to 5A, voltages to 1000V 

Bandwidth Frequencies to 50(0MHz | 

Temperature Thermocouple cards with <1p.V 
offset and built-in reference 

special Applications Hall effect, nanovolt switching, 
Kelvin switching, universal 
adapter 


Each of these switching capabilities is referenced in our new Switching 
Handbooka 


SYSTEM INTEGRATION 


Keithley switches let you customize applications by mixing cards in two 
or 10-slot mainframes, For larger systems, you can connect up to five 
mainframes and program them at one IEEE-488 address« 


Keithley switching further simplifies system integration with digital I/O, 
triggers in/out, relay setup memory, inspect mode for determining relay 
configuration, and more, 


SYSTEM PERFORMANCE 


Our products are designed for compatibility, and you'll find the proof in 
easier system integration and smoother performance And in addition to 
switching, we also supply the full range of programmable measure- 
ment and source instrumentation 
for many test requirements, Plus, 
our Application Engineering De- 
partment is always available to 
help you select the right instru- 
ments and configure them for peak 
system performance 


Keithley Instruments Inc., 28775 
Aurora Road, Cleveland, Ohio, 
44139. (216) 248-0400 
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software packages that have to ac- 
cess large amounts of disk-based 
program memory, this EPROM sili- 
con disk accommodates as much as 
3M bytes of EPROM. The board 
occupies one expansion slot in an 
IBM PC, PC/XT, PC/AT, or compat- 
ible computer; you can install as 
many as four boards in the comput- 
er. Designed using 1M-bit CMOS 
EPROMs, the board has a maximum 
power requirement of 2W. Once in- 
stalled, the silicon disk appears to 
the operating system as a normal 
disk drive. To transfer programs to 
the silicon disk, you plug a program- 
ming module into the PC to provide 
the necessary programming volt- 
ages and programming algorithms 
for the EPROMs. After program- 
ming, you can remove the program- 
ming module from the personal com- 
puter. A silicon disk fully loaded 
with EPROMs costs £999; the pro- 
gramming module costs £299. 
Micro Control Systems Ltd, 


Our main product lines are membrane 
keyboard switches, name plates and 
flexible PC board. Consistent quality, 
punctural delivery and reasonable 
prices qualify us to be your reliable 
supplier of these products in. Asia. 

For full information, contact us today 


Manufacturer & Exporter 


No. 2-1, Lane 67, Hsinshu Rd., Hsin Chuan 
Taipei Hsien, Taiwan, R.O.C. 

Tel: (02) 9060444, 9036471 

Telex: 29768 MARSTWN 

Attn: TAI-TRONIC 

Fax: 886-2-9017931 
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Electron House, Bridge Street, 
Sandiacre, Nottingham NG10 5BA, 
UK. Phone (0602) 391204. TLX 
265871. 
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GRAPHICS CONTROLLER 


e@ [BM PS/2 board displays 16 
colors 

@ Uses the Hitachi ACRTC graph- 
ics wP 


The Artist 10/16, a graphics control- 
ler board for the IBM PS/2, can 
display 16 colors with either 
1024 x 768-pixel noninterlaced reso- 
lution or 1024 x 1024-pixel interlaced 
resolution. It contains 1M bytes of 
video RAM for graphics memory 
and uses the Hitachi ACRTC graph- 
ics pP. It features a 4096-color pal- 
ette, variable scan rates from 15 to 
50 kHz, 65,000-vector/sec drawing 
rates, an 8- or 16-bit bus interface, 
and compatibility with GEM and 


Wo 
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VDI standards. The board allows 


you to zoom to 30 levels and thus 
provides a _ virtual window of 
16000 X 12000 pixels. In an Auto- 
CAD environment, a bird’s-eye- 
view feature gives you a close look at 
the portion of a drawing you’re 
working on. Optionally, you can see 
four different views of an image 
simultaneously. A fast-erase feature 
lets you erase any portion of a draw- 
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IF YOU'RE 
WASTING TIME 
LOOKING FOR THE 
BROADEST LINE OF 
SIVID' PASSIVES, 


CUT IT OUT! 


Mail to: Mepco/Centralab, Inc., Attn: Corp. Advertising 
2001 W. Blue Heron Bivd., Riviera Beach, FL 33404. 


Mail this coupon today to request your personal copy of the new Mepco/Centralab 
Surface-Mount Device Catalog, containing important design, performance and speci- 
fying data on America’s broadest line of SMD® passive components: 

e Tantalum and monolithic ceramic chip capacitors 
e Aluminum electrolytic capacitors 

e Thick-film and precision metal-film resistors Title 
e Power resistors 

© High-performance trimmers 
Or ask for our valuable data book on leaded resistors Dept. / Div. 
and capacitors. 


Es 
f= 
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ie 


Name 


Company 


Address /MS 
Please send me these specification guides: City 
(| 1987 Surface-Mount Device Catalog 
_) Resistor/Capacitor Data Book State/Zip 
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MEPCO/CENTRALAB 


A NORTH AMERICAN PHILIPS COMPANY 


THE ACTIVE LEADER IN PASSIVE COMPONENTS 


°SMD is a service mark of North American Philips Corporation. 
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It thisis what comes to mind 
when you think Sony 


CD ROMs. From the com- Disk drives. We're the 


pany that pioneered optical industry leader in 3.5-inch 
memory technology come CD Micro Floppydisk drives and 
ROMs in built-in and stand- have over 18 versions available. In- 


alone models. Also look for a cluding an all-new 2-megabyte drive. 


half-height model coming soon. 


Semiconductors. You'll find a diverse Image Sensing. We offer one of the Graphic Displays. Let Sony's advanced 
selection of SRAMs, HEMTs, laser widest ranges of video-imaging products. TV technology benefit your OEM 
diodes and A/D and D/A converters. From Saticon™ tube cameras and advanced needs. You'll find everything from four- 
Each with the leading-edge per- CCD cameras to sophisticated, high- inch flat displays up to 19-inch high- 
formance you demand. resolution video printers. resolution monitors. 


Everyone knows that Sony makes TVs. But few know we make component products for the OEM market, too. 
Fact is, we're a primary component supplier to a broad range of OEMs—from small start-ups to major Fortune 100 com- 
panies. Supplying a complete range of component products, each with some of the highest performance specs you'll find anywhere. 


To discover how Sony component products can help bring your designs into 
sharper focus, write Sony Corporation of America, Component Products Group, 10833 ©O N Y 
Valley View St., Cypress, CA 90630, Attn: Sales. FAX (714) 229-4271. Or call the Sony ® 
representative nearest you. 


Saticon and Sony are trademarks of Sony. 


AL Huntsville (205) 533-1730 CO Aurora (303) 695-8903 Ft. Wayne (219) 486-1912 NJ Mt. Laurel (609) 866-1234 Cleveland (216) 261-9705 Houston (713) 782-4144 
Mobile (205) 478-1036 FL Boca Raton (305) 482-5649 MD Randallstown (301) 655-2265 NM Albuquerque (505) 345-3591 OK Tulsa (918) 744-9964 UT Salt Lake City (801) 264-805 
AZ Phoenix (602) 257-9015 Orlando (305) 291-2774 MA Boston (617) 894-8400 NY Jamaica (718) 291-3232 OR Tigard (503) 620-3280 VA Sterling (703) 478-2480 
CA Los Angeles (714) 855-0233 GA Norcross (404) 449-8680 MI Livonia (313) 844-5222 Syracuse (315) 699-2671 PA Pittsburgh (513) 385-1105 WA Bellevue (206) 455-3460 
San Diego (619) 729-9216 IA Cedar Rapids (319) 393-2232 MN Eden Prairie (612) 944-7274 NC Durham (919) 544-6630 TN Greenville (615) 639-3491 Spokane (509) 924-4410 
San Francisco (415) 960-3880 IL Chicago (312) 382-3001 MO Bridgeton (314) 291-4230 Huntersville (704) 892-1366 TX Austin (512) 346-9186 WI Waukesha (414) 542-5352 
IN Carmel (317) 844-5222 Raytown (816) 358-8100 OH Cincinnati (513) 385-1105 Dallas (214) 234-8438 
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ing. When used with NEC’s Multi- 
Syne XL, the board works with 
VGA (video graphics array) graph- 
ics. $2995. 

Control Systems Inc, Box 64750, 
St Paul, MN 55164. Phone (612) 
631-7800. TLX 756601. 

Circle No 356 


ADD-IN BOARD 


@ Provides PCs with X.25 commu- 
nications capability 

@ Includes software for a PAD 
and for SNA/3270 emulation 


The SICC-PC add-in board provides 
IBM PC, PC/XT, PC/AT, and com- 
patible computers with an X.25 net- 
work communications interface. The 
software that accompanies the 
board includes an MS-DOS driver 
and application software. The appli- 
cation software includes a PAD 
(packet assembler/disassembler), 
which allows you to communicate 
with remote hosts that implement 
CCITT X.28, X.29, and X.3 Recom- 
mendations. It also includes SNA/ 
0270 emulation for communication 
with IBM mainframes. The board 
occupies one expansion slot in a per- 
sonal computer and has an onboard 
Z80A CPU and PROM/dynamic- 
RAM options with respective mem- 
ory capacities of 16k/48k, 32k/32k, 
and 48k/16k bytes. The serial inter- 
face, which you can adapt to physi- 
cal layer interfaces such as X.21 and 
V24, is supported by a DMA capa- 
bility. The serial port operates at 
19,200 baud max. DM 2950 (inelud- 
ing software). 

Stollmann GmbH, Max-Brauer- 
Allee 81, 2000 Hamburg 50, West 
Germany. Phone (040) 3890030. 
Teletex (17) 403226. 

Circle No 357 
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COPROCESSOR BOARD 


@ Has a 32382 demand-paged 


MMU 
® Coprocessor operates at 15 MHz 


The 332/AT is a coprocessor board 
for the IBM PC/AT and compatibles 
and is based on the 32-bit NS32332 
wP. It operates at 15 MHz with as 
much as 4M bytes of no-wait-state 


STEP UP 
TO THE 
NEW 
Canon 


PM SERIES 
STEPPER 
MOTORS 


Low Cost 
High 
Performance 
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dynamic RAM. A 32882 demand- 
paged MMU (memory management 
unit) allows full use of the 32-bit 
virtual-address space. Other fea- 
tures include bus-master capability, 
access to the entire PC/AT-bus ad- 
dress space, two 16-bit counter/tim- 
ers, and software and bidirectional 
hardware interrupts. A 32081 or 
32381 floating-point processor 1s op- 
tional. Operating-system support 
includes AEON5.3, VRTX, and 
stand-alone access to all DOS and 
BIOS functions. The AEON5D opera- 
ting system is an enhanced version 
of Unix System V.8 for the Series 
32000. Languages available for 
AEON5 include C, Pascal, Fortran, 
Lisp, Basic, and Assembler. The 
onboard RAM has a burst-mode 
bandwidth of 24M bytes/sec for 
fetching op codes and reading data 
and 15M bytes/sec for writing data. 
With a 1M-byte RAM, $1995 (OEM 
qty). 

Aeon Technologies Inc, 90 S 


Wadsworth Blvd, Suite 105-481, 
Lakewood, CO 80266. Phone (803) 
986-3599. 

Circle No 358 


SNA GATEWAY 


@ Allows you to share 48 hosts 
@ Uses an MC68020 32-bit pP 


The Server/1-SNA (System Net- 
work Architecture) is an enhanced 
version of the company’s CS/1-SNA 
gateway unit. It lets IBM PCs and 
compatibles, 3270-type displays, 
and ASCII terminals and printers 
operate in an IBM 38270 SNA envi- 


ronment. This version utilizes an 
MC68020 wP that allows network 
devices to share as many as 48 host 
sessions. It also supports both the 
TCP/IP (Transmission Control Pro- 
tocol/Internet Protocol) and the 
XNS (Xerox Network Systems) pro- 
tocol sets. The unit works with 
three LAN types: Ethernet (IEEE- 
802.3), using coaxial or fiber-optic 
cable; token ring (IEEKE-802.5); and 
Bridge Broadband (5M-bps with the 
CSMA/CD access mechanism). Thus 
it allows TCP/IP networks access to 
the SNA environment over the 
broadband and token-ring media. 
It’s compatible with IBM’s 3274, 
Model 51C SNA remote-control 
unit. $10,500, plus a $1000 software 
fee. A $5000 hardware and software 
upgrade kit is also available. 
Bridge Communications Inc, 
2081 Stierlin Rd, Mountain View, 
CA 94048. Phone (415) 969-4400. 
TLX 176544. 
Circle No 359 


We’ve moved into smaller quarters. 


That’s right, Microscan has moved its entire 
bar code line into the smallest packages ever 
offered. In addition to size reduction we’ve 
increased performance with brand new decod- 
ing circuitry and improved optical performance. 

Take a look at the MS-500! Neatly pack- 
aged in a 214” cube, there is no question that 
the MS-500 is now the smallest scanner on the 


= 


a where conventional IER can f. 
The MS-1100 Bar Code Scanner has a com- 
pact, lean look and new optical performance. An 


the MS-1000. | 


| market. makes the MS-4000 
| In tight the smallest integrated 
areas high speed laser diode. 
where scanner/decoder in the 
high world! 
speed Microscan Systems, 
laser Inc. continues to move 
scanning toward a product line that’s 
isa smaller in size and cost, but with the 
require- maximum performance that only 
ment, 
the 
MS-500 
_ Scanner 
fits 


Fax # 


(206) 575-1904 


See us at WESCON, Booths 2406/08 


improved version of our top-notch performer, 


The MS-4000 combines our MS-1100 and 
our new MS-2000 Decoder into a compact 
5"x5"x2'42" housing. The MS-4000 will 
autodiscriminate among the industry standard 
barcodes—and still read up to 
400 scans per second. This 


leaders in laser diode technology can offer. 
Keep an eye on us—we now have dis- _ 

tributors in Europe, Australia, and New Zealand. 

Call and talk to our applications engineers. 

MICROSCAN SYSTEMS, INC. 

939 Industry Drive Tukwila, WA 98188 

(206) 575-3060 
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EDN REPRINTS 


You asked for 1t! 
NV AM 


Volume Il 


A Designer's Guide te 
CMOS ICs 


: 
Pe 


A Designer's nan 


Innovative 
Linear Circuits 


As featured in EDN Magazine Jim 


Williams 


A Designer's 
Guide to: 


Innovative 

Linear Circuits 

As featured in EDN Magazine By Jim 
Williams 


A Designer’s Guide to CMOS ICs 
CMOS is fast becoming the chosen 
technology for developing integrated 
circuits. That’s because CMOS ICs 
are able to implement ultra-complex 
system-level functions on a chip! Now 
you can meet the special challenges 
posed by this new breed of ICs with 
A Designer's Guide to CMOS ICs. You'll 
learn the advanced design and fab- 
rication techniques required. Plus 

the latest linear and digital CMOS 
ICs available. 


Semicustom : 
Integrated Circuits 


A Designer’s Guide to Linear A Designer’s Guide to Innovative 
Circuits— VOLUME I Linear Circuits— VOLUME II 
This original, 186-page collection by The reader response to Volume I was 
Jim Williams offers a wealth of analog so positive, that we're offering Jim 
design information. It includes practi- Williams’ latest analog design articles 
cal and efficient ways to use op amps, —from 1983 to 1986—in an all-new 
comparators, data converters, and Volume II. An even bigger collection 
other analog ICs, and discusses the than before, Volume II is still written 
theories behind all the design tech- in the language of working engineers, 
niques presented. but now covers the newest and more 
complex circuits and systems you 
asked for! 266 pages. 


A Designer’s Guide to Semicustom 
Integrated Circuits 

Learn how to design a semicustom IC 
with A Designer’s Guide to Semicustom 
Integrated Circuits. Based on EDN’s 
own design experience, this nine- 
chapter booklet outlines the complete 
procedure used to design, fabricate, 
and test EDN 1, a chip with a 1200 
equivalent-gate complexity. You'll not 
only learn the steps to take when 
creating ICs, but also the design/cost 
analyses and vendor-interface methods 
that lead to successful semicustom 
chips. 


The Latest from the Best! 

You can buy the volumes separately, or as a set. Either way, you'll have all the 
latest information on the most sophisticated linear ICs ... from Jim Williams, 
one of the country’s foremost linear-circuit designers. 


Mail coupon to: 
EDN Reprints/EDN Magazine @ Cahners Building @ 275 Washington Street 


e Newton, MA 02158-1630 
Please send the following Designer’s Guide(s): 


______ copies of A Designer’s Guide to CMOS ICs NAME 
O$ 695UPS 0 $10.95 non USA 


copies of A Designer’s Guide to Semicustom Integrated Circuits 
1 $ 695UPS UO $10.95 non USA 


Please print clearly. This is your mailing label. 


TITLE 


COMPANY 
copies of A Designer’s Guide to Innovative Linear Circuits 
Vol. I ($14.95 UPS UO $19.95 non USA ADDRESS 
Vol. I] 0 $18.95 UPS UO $23.95 non USA 


copies of the combined set of A Designer’s Guide to Innovative CITY 
Linear Circuits Volume I’and Volume II 
1 $29.95 UPS UO $39.95 non USA STATE ZIP 


Check or money order made out to EDN REPRINTS must accompany each gins 


order. No COD. Mass. residents add 5% sales tax. 
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DISPLAY CONTROLLERS 


@ 1600X1280X8-bit resolution 
@ 256 colors from a palette of 16.2 
million 

The UDC-803 Series color-display 
controllers supports 60-Hz non- 
interlaced monitors. These IBM PC/ 
AT-compatible, high-resolution, bit- 
mapped devices can produce 


1600 x 1280 8- or 4-bit pixel resolu- 
tion with a choice of 256 colors from 
a palette of 16.2 million. The con- 
trollers use the 82786 graphics co- 
processor and 4M bytes of video 
RAM to produce polygons, line 
drawings, and bit-block transfers at 
speeds as high as 2.5 million pixels/ 
sec. The 3M-byte RAM is dual 
ported for fast host access. The 


tf 


WAGO'S | IE . 


cag 


or, 


SMALL IN SIZE... 


BIG IN PE 


RFORMANCE — 


ACTUAL 
SIZE 


CENTERS 


Super high density pc Strips on O01 or 2.5 mm pin centers 
Tremendous space savings possible, providing additional 
board space for other components. Modular design permits 
fast assembly to any length. Wago’s exclusive stainless steel 
cage-clamp system gives vibration and corrosion resistant 
connection. Will handle solid or stranded copper wire — 
AWG 28-20 (AWG 18 if not in adjacent positions). Available 
with or without activating lever for fast, easy wire insertion. 


Let Wago demonstrate to you what GIANT performers these 


mini-terminal strips really are! 


See us at WESCON ’87 
Booth 1046 


CORPORATION 


6657 N. Sidney Place Milwaukee, WI 53209 
Phone (414) 352-1035 FAX (414) 352-0932 
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boards have a video bandwidth of 
180 MHz and provide an RS-343 
(monochrome or color) video output 
with composite or separate sync. 
They also feature a 32-bit external 
standard VSB (VME system bus) 
processor; pan and scroll registers; 
and variable display formats. Auto- 
CAD and ImagePro-2000 software 
drivers are optional. The 8-bit ver- 
sion, $4995; the 4-bit version, $3995. 
Univision Technologies, 12 Cam- 
bridge St, Burlington, MA 01803. 
Phone (617) 273-5388. TLX 988755. 
Circle No 360 


VIDEO STORAGE 


© VME module stores as much as 
8 million pixels 

@ Light interleaved modules can 
examine 8192X8192X8-bit image 


You use the MegaStore-8 VME 
module with the MaxVideo family of 
real-time image and digital-signal- 
processing boards. It can store as 
much as 8 million pixels as large, 
high-resolution individual images 
measuring 2048x4096 x8 bits, or it 
can store as many as 382 stand- 
ard-sized (512X512 X8-bit) images. 
Within a MaxVideo subsystem, the 
module exchanges data with other 
MaxVideo modules via the MaxBus. 
The board has two independent ad- 
dress generators, (one for the read 
port and one for the write port), 
which expand MaxVideo’s ability to 
focus processing on regions of inter- 
est. The board performs video read 
and write zooms of 2x, 4X, and 8x 
magnification. Eight modules can 
be interleaved to examine an 
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ANNOUNCING 

THE »wCARDS' SYSTEM... 

SATISFACTION GUARANTEED 
R YOUR MONEY BACIs 


Workstation Power For 
PCB Design At A Price. From 
The SCICARDS® People. 


We're inviting you to try the wCARDS 
System. See if you don’t agree that it’s 
the fastest, easiest-to-use and most 

affordable major-function PCB design 
system in a workstation environment. 


It’s a cinch to use. The easy question- 
and-answer format requires no special 
training. The wCARDS System can place 
up to 600 components on up to 20 layers 
with swift, sure component moving, 
swapping and alignment in rows or 
columns and full rat’s nest display. The 
uCARDS System router set whips 
through the design automatically and 
interactively with speed and accuracy; 
you choose the router best suited to your 
needs. And you can’t make a mistake. 
The system provides dynamic online 
checking of clearances, trace widths and 
connectivity, assuring the integrity of all 
mechanical and electrical design rules. 


Try the wCARDS System for 60 days. If 
after that time you don’t find it to be the 
PCB design system that redefines price/ 
performance standards and ease of use, 
we'll refund your money. Were that 
confident. 


The »CARDS System at a »Price. From 
the engineering that brought you the 
SCICARDS System. Now available on the 
VAXstation 2000. 


For more information, write or give us 
a call. We'll give you a demonstration. 


7796 Victor Mendon Road 
P.O. Box H 

Fishers, NY 14453 

1-800-4 HARRIS Ext. 4308 
1-800-344-2444 (Canada) 


=== SoETITIFIC 


SC AtcuiaTians 


SCICARDS and pCARDS are trademarks of 
Scientific Calculations, Inc. 
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COST-EFFECTIVE 
TRANOCEIVER 
MODULE FOR 


DIGITAL EXCHANGES. 


The low-cost Plessey transceiver module utilises a fibre 
optic chip set and connectorised format to double traffic flow 
and effectively reduce hardware space by 40 per cent. It has 
already shown substantial cost savings in digital exchange 
and LAN applications. 

FEATURES 

@ Fully integrated with on-board encoder and decoder 

@ Data rates range from 20 to 50 Mbit/s (850nm) 

@ Manchester Biphase Mark encoded 

@ Patented expanded beam interfaces for DIN 41612 

edge card connectors 

@ Alternative configurations in development for other 

bit rates and wavelengths 

@ Qualification in line with STACK 0001 specification 

Plessey Optoelectronics is committed to the practical 
needs of an international market. From a pioneering R&D 
base, and an impressive manufacturing facility, it produces 
both standard and customised fibre optic devices in volume, 
and provides problem-solving design engineering services for 
its customers. 

Plessey Optoelectronics Limited, Product Marketing Division, 
Wood Burcote Way, Towcester, Northants. NN12 7JS. 
Tel: (+44) 0327 51871. Telex: 312428. 


@ PLESSEY 


The height of high technology 


PLESSEY and the Plessey symbol are trade marks of the The Plessey Company plc. 
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Turn Good 
Ideas Into 
Good 
Articles 


With EDN’s FREE 
— Wniter’s Guide! 


Would you like to get paid for sharing 
your clever engineering ideas and 
methods with your professional col- 
leagues? If so, then send for EDN’s 
new FREE writer’s guide and learn 
how. 


You don't need the skills and 
experience of a professional writer. 
And you don’t need to know publishing 
jargon. All you do need are a little per- 
severance, your engineering skills, and 
the ability to communicate your ideas 
clearly. 

Our new writer’s guide takes the 
mystery and intimidation out of writ- 
ing for a publication. It shows you 
how to write for EDN using skills you 
already have. Plus, it takes you step-by- 
step through the editorial procedures 
necessary to turn your ideas into 
polished, professional articles. 


Get your FREE 
copy of EDN's 
writers guide by 
circling number 
800 on the Infor- 
mation Retrieval 
Service Card 

or by calling 
Sharon Gildea at 
(617) 964-3030. 
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8192x8192 x8-bit image frame. A 
VME port with an A32, D832 inter- 
face is accessible as one 8M-byte 
block or as a %M-byte page that is 
switchable to any one of 16 blocks. 
The board has six MaxBus ports 
(two outputs, two input/outputs, 
and two inputs) that transfer data at 
a 10M-byte/sec rate. $11,950. 
Datacube Inc, 4 Dearborn Rd, 
Peabody, MA 01960. Phone (617) 
535-6644. 
Circle No 361 


POINTING DEVICE 


@ Allows input of 2- and 3-axis 
data via an RS-232C interface 

@ Offers resolution to 200 points/ 
mn. for x, y, and z axes 


The FastTrap is a 2- or 3-axis point- 
ing device that offers an alternative 
to a mouse for entering data into a 
computer. In addition to functioning 
in a proprietary 3-axis operating 


mode, it can emulate existing 2-D 


mice such as Microsoft’s serial 
mouse. It features a 200-point/in.- 
resolution trackball for x- and y-axis 
inputs, a 200-point/in. Trackwheel 
for z-axis input, three input but- 
tons, and an RS-282C interface. The 
software driver runs with MS-DOS 
or PC-DOS versions 2.0 and higher, 
and it supports systems equipped 
with an MDA (monochrome display 
adapter), a CGA, an EGA, or a 
Hercules graphics adapter. A key- 
board emulator program allows the 
pointing device to work with many 
software packages that don’t direct- 


CY525 3rd generation 
STEPPER MOTORCONTROLLER 


most intelligent controller offers 
linear ramping, 10,000 steps/sec, 
unlimited stepping, change 

rate on the fly, read 


Mi 


CY512 
compatible, 
40 pin, +5 volt 
TTL, 8 bit I/O interface ti 
to ucomputer. $195 ea ($80/100) 
Prototyping board available. 
hy, 
iil 
Cybernetic Micro Systems 
P.O. Box 3000, San Gregorio, CA 94074 


position on the 


fly, and 


much 


more. 


(415) 726-3000 Telex: 171-135 attn: Cybernetic 
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ly support pointing devices. The de- 
vice has a low-power CMOS design 
and is compatible with all systems 
that support RS-232C communica- 
tions. Its work-surface footprint is 
smaller than the clear area required 
by a mouse. $149. 

Microspeed Inc, 5307 Randall Pl, 
Fremont, CA 94538. Phone (415) 
490-1403. 

Circle No 362 


19,200-BPS MODEM 


@ For use over D1-conditioned 
leased lines 

@ Uses 16-state, 8-dimensional 
Trellis-code modulation 


The M1928L 2-port synchronous 
modem features data-transmission 
rates of 19,200, 16,800, 14,400, 
12,000, and 9600 bps. It uses 16- 
state, 8-dimensional Trellis coding 
to ensure operation over D1-condi- 
tioned leased lines. It has an adap- 
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HIGH PROGRAMMING 
YIELDS 


(LOGIC) 


LOW 
PROGRAMMINGCOSTS 


PROGRAMMERS 


A complete range of low 
priced separate products to meet 
your individual specific requirements 
(with device manufacturers’ 
approvals). 


C41 up to 1 M bit EPROMs 
E9C 8 gang EPROM & editing 
E12C gang/set EPROM 

1011 Bipolar PLD (logic) 

1012 Bipolar PROM/ EPROM 
1013 set EPROM (to 32/40 pin) 
1014 EPLD & CMOS PLD 


Options cover single chip micros, 
simulators, PLCC, IBM/VAX remote 
drivers and ELAN LOG/iC compilers. 


Ask for our DEMO DISKS. 
Prices start at $995. 


in Europe: 

GB (0293) 510448 
A (0222) 835646 
B (02) 2416460 
D (089) 780420 
E (01) 4054213 

F (014) 8632828 
| (02) 6120041 

| (02) 2440012 


IRL (01) 501845 
NL (01720) 43221 
N (02) 846210 

P (01) 549011 
SF (00) 6926022 
S (0589) 14111 
S (08) 7349770 
CH (01) 7414644 


Elan Digital Systems 
California 
Tel: (8300) 888-ELAN 
Telex: 9102400972 
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tive equalizer that automatically re- 
duces or increases the transmission 
rate in response to the quality of the 
line conditions. It has an integral 
2-channel multiplexer that allows it 
to emulate the operation of two 
9600-bps modems, thus eliminating 
the need for another leased line. 
The modem has eight loopbacks and 
a built-in bit-error-rate tester for 
fault isolation. An LCD shows local 
and remote strapping, diagnostics, 
and operating conditions. $4495. 
Fujitsu America Inc, 3055 Or- 
chard Dr, San Jose, CA 95134. 
Phone (800) 422-4878; in CA, (408) 
432-0460. FAX (408) 432-1318. 
Circle No 363 


TRANSPUTER BOARD 


@ Plugs into an IBM PC to pro- 
vide four transputers 

© Supports transputer develop- 
ment software 


The Fast4 board occupies one ex- 
pansion slot in an IBM PC, PC/XT, 
PC/AT, or compatible and provides 
four 32-bit T414 transputers or 
T800-20 floating-point transputers, 
thus increasing the PC’s processing 
power to 40 MIPS. You can also use 
the board as a stand-alone system or 
as part of a larger transputer sys- 
tem. Each of the transputers has 1M 
bytes of RAM. You can select one of 


the transputers to operate as a sepa- 
rate transputer subsystem, or you 
can use it to control the other three 
transputers. This control mode al- 
lows you to run software (the Inmos 
transputer development system 
software, for example) on one trans- 
puter, downloading code to the 
other three transputers and super- 
vising their error recovery. In addi- 
tion to supporting this type of soft- 
ware, the board supports program 
development in Fortran, Pascal, and 
C. The four transputers on the 
board are connected by transputer 
links into a square. Also, two trans- 
puter links from each transputer are 
accessible externally so that you can 
link multiple boards into a range of 
topologies. £4400. 

Quintek Ltd, Southfield House, 2 
Southfield Rd, Westbury-on-Trym, 
Bristol BS9 3BH, UK. Phone (0272) 
628196. TLX 449683. 
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MOTION CONTROLLER 


@ Based on the 8096 16-bit wC 
@ Provides a turnkey system for 1- 
or 2-axis motion control 


The Amadeus-96 is a single-board 
motion controller for the IBM PC, 
PC/XT, PC/AT, and compatible 
computers. It is based on the 8096 — 
16-bit wC and provides a turnkey 
system for 1- or 2-axis motion con- 
trol. The only additional hardware 
required for closed-loop control is 
the power amplifier and the mechan- 
ical system, which are interfaced 
through a 37-pin rear-panel connec- 
tor. Feedback can be read from 
shaft encoders, tachometers, and 
limit switches. The board can actu- 
ate the motor with analog signals or 
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Dow Corning Presents 


Design Di 


is only 


won. Here is what 
we mean: 


Coating 
makes repairs on 
PC boards easier. 


A PC board coating simply has to be 
reliable. And with DOW CORNING® 
1-2577 conformal coating you get more: 
easy repairability when components 
need replacing. Add superior protec- 
tion in extreme environments, versatile 
processing with dipping or spraying, 
and you have all the reasons major 
automotive and military electronics 
companies choose 
DOW CORNING 
25/7. 
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N& thermally- 


conductive elastomer 
conducive to many uses. 


For thermal dissipation that protects 
perfomance, choose new SYLGARD® 
Q3-6605 thermally-conductive elastomer. 
It is especially useful as a thermally- ‘ 
conductive adhesive to bond ceramic gia 
hybrid circuit packages to heat = 
sinks. Other uses include bonding 
or potting power supplies, coils, 
heavy-duty relays, and similar units. 
Primerless, too. 
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Protective silicone gels relieve 
stress and improve reliability. 


When you encapsulate components in a 
silicone gel, you protect them against 
hostile environments, temperatures as low 
as — 80°C and more. DOW CORNING® 
silicone gels also cushion components 
against stress and vibration. We offer 

a broad choice of one component and 
two component materials, for room 
temperature and heat cure processes. 


Fast-cure coat- 
ing for fiber optics. 
OPTIGARD?® optical fiber coating 
UV-cures in just 0.3 seconds—5 to 20 
times faster than thermal-curing coatings. 
And it protects against moisture and 
“micro-bends” better than acrylate 
coatings. It’s part of the OPTIGARD 
family which includes fiber optics grade 
SiCl, core and cladding and OPTIGARD 


CIRCLE NO 62 cable filler. 
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Electronic Reliability 


Designing a high-performance electronic product 

half the battle. Protecting it is the other 

half. Demand our high-reliability protective 
materials and you have aM 


stof 


Life insurance 
for semiconductors. 


Stress. Moisture. lon contamination. 
Voltage linkage. Alpha particles. All are 
killers of your devices, robbers of reli- 
ability. Now you have a defense against 
them. HIPEC® coatings protect semi- 
conductors and hybrids through a wide 
range of temperatures and environments. 
They’re available in a variety of forms 
from gel to firm elastomer and resins. 
And HIPEC coatings are easier to process 
than other high-performance materials. 


CIRCLE NO 65 
There's more. 
There’s also our unique team of experts 
whose only mission is to develop and 
customize coatings, adhesives, dispersions, 
sealants, and components specifically for 
you. Supported by dedicated research and 
manufacturing facilities, we will help 
you meet tomorrow’s challenges today. Ask 
about our Specialty Elastomers, Group. 
Write Department 7013, Midland, 
MI 48686-0994. 
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DOW CORNING" 


DOW CORNING 


Dow Corning, Sylgard, Optigard and 
Hipec are registered trademarks of 
Dow Corning Corporation. 
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CATALOG 


5900B 


: ey | AMCO 


5 Work Day 
Shipments 
From Stock 


10 Days with 
Color Selection 


Consoles 

Computer Desks 

Desk Top Cabinets 
Blowers and Fans 
Accessories & Hardware 


New Styles...24” Panel Widths...Fans...Accessories 


For Your FREE Catalog 500B 


Call 1-800-833-3156 
In Ilinois, Call 312-671-6670 


Amco Engineering Co. 
3801 N. Rose Street 
Schiller Park, IL 60176-2190 
TWX: 910-227-3152 
FAX: 312-671-9469 


See us at: Wescon—San Francisco, CA 11/17-19 


Booth Numbers 2138-42 
CIRCLE NO 37 


DID YOU KNOW? 


EDN is distributed 


at every major 
electronics/computer show in the 
U.S., France, and Germany. 
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COMPUTERS 
& PERIPHERALS 


digital PWM signals. Hardware fea- 
tures include an 8096 CPU running 
at 12 MHz; 48k bytes of RAM; 8k 
bytes of ROM; two incremental 
quadrature decoders; a watchdog 
timer; four input channels for 10-bit 
A/D conversion; two output chan- 
nels for 12-bit D/A conversion; and 
address decoding for as many as 
eight boards. Software features in- 
clude an 8096-based operating sys- 
tem providing drivers for all on- 
board devices; implementation of 
multiple sample rates; real-time 
software that performs 1- or 2-axis 
data acquisition and control; and 
support of Intel’s C96, PLM96, and 
ASM96 languages. $2000. 
Integrated Motions Inc, 1299 N 
First St, San Jose, CA 95112. Phone 
(408) 279-6465. 
Circle No 365 
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CONTROLLER FAMILY 


@ Conforms to UL, CSA, VDE, 
DIN, and IEC standards 

@ Series consists of CPU control- 
ler and I/O modules 


The Series 505 control system is UL 
listed, CSA certified, and meets ap- 
plicable DIN, VDE, and IEC re- 
quirements. It consists of four ver- 
sions of the Model 525 CPU and a 
range of I/O modules. The four 
CPUs have memory sizes of 2k-, 4k-, 
8k-, and 12k words of relay-ladder- 
logic (RLL) memory. Programs are 
stored in battery-backed CMOS 
RAM, EPROM, or EEPROM. The 
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Introducing OrCAD Verification and Simulation Tools 
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troducing OrCAD / VST, a full featured 
-rification and simulation tool that is 
ssigned to place the performance of an 
‘(pensive workstation on your PC. 


sy . 


rCAD / VST is integrated with the 
ypular OrCAD /SDT schematic 

ipture package, with easy-to-use menus 
id powerful keyboard macros. Your 
aluable time is used to simulate designs 
‘ithout investing the time, money and 
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e Of course, OrCAD's excellent support: 
technical staff to answer questions, 1 year 
of free product updates, and a trained 
e 10 breakpoints can be set as AND/OR sales and support network 
condition of up to 16 signals 


/ith unsurpassed performance ona PC, e Logic analyzer display format. Virtual 
ou'll discover that nothing comes close screen displays 50 channels 

» OrCAD's features and price. 
enchmark the specifications for 
ourself. We guarantee satisfaction, or 


our money back! _. 
e User selectable minimum and Call or write today for our 


maximum delays : 
Event driven, 12-state functional if Demo Disk and brochure. 


simulator e Input stimulus is easily defined with an 
integrated pop-up editor 
» Exceeds 10,000 events/sec. on an 8 MHz 


AT without additional hardware ¢ Includes component models of TTL, Orr n 
ECL, CMOS, Memory devices, and easy “tentmatit 
» Over 14,000 gate capacity to use utility for creating custom models 1049 S.W. BASELINE ST. SUITE 500 


HILLSBORO, OREGON 97123, USA 
(503) 640-5007 


Contact your local OrCAD Representative for further information SPAIN 
Next-Fors 
AUSTRALIA ENGLAND ITALY (0) 261-2415 
Prometheus ARS Microsystems, Ltd. BRM Italiana 
0 3819 6088 (0276) 685005 (011) 287884 SWEDEN 
Technology Partners 
AUSTRIA FINLAND JAPAN 0 8-156815 
Dahms Elektronik Gmbh Elektrotel OY Sotec Company, Ltd. 
0 316-640300 754-3122 045 (641) 0802 SWITZERLAND 
Logmatic AG 
DENMARK FRANCE BENELUX 056 83 38 38 
Supersoft ALS Design Post Electronics, NL 
817-3065 (04) 6043047 02159 - 41774 WEST GERMANY 
Compware Gmbh 
OR 8746-A 040 - 818074 
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COMPUTERS & PERIPHERALS 
ee 


8-, 16-, and 32-point versions of the 
I/O modules achieve the following 
packaging densities: As many as 128 
I/O points in a 10.5 X8.0-in. area and 
as many as 512 I/O points in a 
10.5X19.0-in. area. Twenty-seven 
I/O modules for ac and de voltages 
and currents are available for opera- 
tion with pushbuttons, limit 
switches, proximity switches, 
lights, or solenoids. Four analog 
modules monitor and control pres- 
sure, temperature, flow, or position 
by converting analog inputs to 
10-bit digital words for processing. 
Programs are developed using the 
company’s TISoft software. 2k- 
word Model 525 CPU, $745; 4k-word 
version, $1958; 8k-word version, 
$3548; 12k-word version, $5261; I/O 
modules, from $219. 

Texas Instruments Ine, Data 
Systems Group, Box 809063, Dallas, 
TX 75380. Phone (800) 527-3500. 
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NTDS BOARD SET 


® Has NATO STANAG 4146 paral- 
lel interface 

@ Simulates the operation of 
AN/UYK Series computers 


The NT1632FS AT/NTDS adapter 
board and the ANW1632 daughter 
board comprise a 2-board set that 
simulates the Navy Tactical Data 
System (NTDS) interface. The set is 
also compatible with the NATO 
Standard Agreement (STANAG) 
4146 parallel data interface. These 
interfaces are common to the data 
distribution networks fitted on most 


REALTIME CLOCK MODULES 
WITH BUILT-II 


US and Allied surface ships. The 
board set can be used in the IBM 
PC, PC/XT, PC/AT, Zenith 248 
computers or with a 286/386 system. 
The interface hardware and soft- 
ware simulates the operation of the 
AN/UYK Series computers. The 
board set provides full-duplex com- 
munications by handling Type A 
(NTDS slow=160k bytes/see), Type 
B (NTDS fast=1M bytes/sec), and 
Type C (NTDS fast ANEW=1M 
byte/secs) I/O channels using differ- 
ential I/O drivers and receivers. 
Full-duplex 8-, 16-, 24-, or 32-bit- 
wide parallel-word transfers opti- 
mize communication with comput- 
ers or peripherals. The source code 
for I/O drivers is included in Micro- 
soft Pascal, Turbo Pascal, and C 
languages. $3250. 

Sabtech Industries Inc, 4091 E 
La Palma Ave, Unit P, Anaheim, 
CA 92807. Phone (714) 630-9335. 
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QUARTZ OSCILLATORS & 


SPECIFICATIONS 
Realtime Clock Module RTC-72421 


Access Time: 
Precision: 

Supply Voltage: 
Package: 
Oscillation Circuit: 


EPSON 


EPSON AMERICA, INC. 
OEM Division 


~ ULTRA-FAS 


Now the best realtime clock value just got better. The new 
RTC-72421 adds improved electrical characteristics to the 
list of famous EPSON features: built-in crystal, fast access 
and low current consumption. The RTC-72421 needs no 
external circuitry. That makes it faster to install, less 
expensive to stock and assemble...and you get full time/ 
date functions, direct bus compatibility plus provision for 
battery backup. 


Call us now for detailed information. 


Also ask about our CMOS SPG-Series, Programmable 
Clock Pulse Generators and other crystal, oscillator Component Sales Department 
products. 3415 Kashiwa St., Torrance, CA 90505 


Telephone (213) 534-4500 © TELEX 664277 © TWX 910-349-7390 © FAX 213-539-6423 


120 nanoseconds 
+10 ppm, +50 ppm 
5V +0.5V 

18 pin DIP 

Built-in (32.768 KHz) 
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SURFACE MOUNT ADHESIVES: 


sosktnagarvdebtcoahcoehestebsebiferi TARP nitert 2H Cat Ae RRRSROR A 


Pneumatic Dispense 


Presenting the ver 


We pack a lot of 
versatility and flexibility 
into a little dot. Plus a 
lot of experience. We were 
the first to pioneer and 
develop surface mount 
adhesives (SMA™). As the 
world’s leading manufac- 
turer supplying the largest 
companies, we have the 
products, application 
knowledge and technology 
to meet your dot demands. 

When it comes to 
cure speed, packaging, 
dielectric strength, cure 
options, green strength, 
chip shear strength and 
thixotropic qualities, we 


©1987, Emerson & Cuming, Inc. 
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Screen Print 


know what you and your 
engineers want. And we 
know what you don’t want. 
Problems. That’s why our 
high-contrast, fluorescent 
SMA’s are designed to 
make your pneumatic 
dispensing, screen printing 
or pin transfer operations 
a dot delight. 

Find out more. Call or 
write us on your letterhead 
for a free sample. Just give 
us your basic application 
specs and we'll send you a 
special Dot Decision Kit. 
It’s packed with informa- 
tion and a free sample of 
material. 
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Pin Transfer 


satile dot. 


Call or write: 

Emerson & Cuming, Inc. 
Dot Decision Kit 

77 Dragon Court 
Woburn, MA 01888 


617-935-7574 |r ———~ 


Send for information 
and a free sample. 


EMERSON 
& CUMING. 


GRACE Polymer & Electronic Materials 
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To prove its repeatability, we subjected our fiber 
optic switch to a hundred million operations in 
laboratory tests. And true to form, it maintained 
0.1 dB repeatability at a typical insertion loss of 
0)./ dB. And not just any switch can do that. 
But our switches pass tough environmental 
tests such as vibration, shock and temperature 


extremes. [hey offer high switching rates. And 
they're so flexible they can be used in 850 nm 
or 1300 nm wavelength systems. They're also 
available in all popular fiber sizes. And they 
come in a compact, lightweight package. 


We Tried | 
ToGet This Switch Io Fail. 


We offer this kind of performance and practi- 
cality in all our electro-optic products including 
our high speed data links, clock recovery modules, 
clock oscillators, parallel/serial converters and fiber 
optic modems (RS232, RS422 and TTL). 

To find out all the reasons you should be using 
Siecor components, get in touch with us soon. 
And welll give you about a hundred million of 
them. Write Siecor Corporation, Electro-Optic 
Products, PO. Box 13625, Research Triangle Park, 


North Carolina 27709-3625. SIECOR 
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Or call 919 549-6571. 
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PHONE LINE INTERFACES 


THE PROBLEM 


Products that connect directly to the telephone line must be 
registered: 


C1) FCC in the United States 
L] DOC in Canada 


0 BABT in the United Kingdom 
by telephone authority in most other countries 


This means first understanding and interpreting local 
requirements, then conducting tests to mect these 
requirements and finally obtaining approvals. 

Needless to say, this can be an involved and time- 
consuming process taking as much as 12 months 
to complete. 


THE SOLUTION 
Telephone Line Interfaces 


Cermetek manufactures a complete line of telephone line 
interfaces that either eliminate registration process of 
greatly reduce the risk of delays. 

The CH1810A, for example, is already FCC registered 
and is shipped to you with an FCC registration sticker to 
place on your equipment. 

Other telephone line interfaces are designed for inter- 
national operation — CH1814/CH1828, ultra small size — 
CH1815 or high volume/low cost — CH1812A/1813 

And all are compatible with today’s modem com- 
ponents. Cermetek provides application notes, design 
assistance and help with registration. Write or call us for 
more information. 
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Phone Line Interface Components 


Features 


CIRCLE NO 290 


CH1812A/ CH1814 CH1828 


CH1813 


CH1810A  CH1811 CH1815 


+12V +5V 


275mW | 100mW 


microelectronics 


Cermetek Microelectronics, Inc. 
1308 Borregas Avenue Sunnyvale, CA 94088 
Telephone: 408/752-5000 _ 
Fax: 408/752-5004 
Twx: 910-379-6931 
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See us at: 

Taipei International Electronics 
Show, Oct. 6-12, 1987 (Booth 1171) 
Comdex Fall Las Vegas, 


Nov. 2-6, 1987 (Booth B338) 
CEBIT, Hanover, March 1988 


Switch with Liton 


20-1,000\W/- Meets FCC, UL, CSA, TUV and VDE Standards 
TTL- Compatible Power-Good Signal! 


Taiwan Liton Electronic Co., Ltd. 
produces a greater range of high- 
performance switching power supplies 
than most any other manufacturer 
anywhere: 20-1,000W. By customizing 
cost-saving standard models with an 
alternative component or two, available 
SPS configurations run into the 
thousands. 

Design and production fully meets FCC 
class “B”, UL, CSA,TUV and VDE 
standards. Applications include PCs and 
workstations, telecommunications 
equipment, as well as OA equipment 
like facsimile machines, copiers and 


printers. PC models are electrically as 
well as physically IBM PC/AT, PC/XT 
compatible and are full-power rated an 
wired for hard-disk or tape drives, as 
well as other peripherals. We've built 
our reputation with top-quality 
components. With gigantic facilities a1 
modern equipment, we design and 
manufacture computer and 
communications products which meet 
the highest international quality contr 
and performance standards. 

Our R&D customizes a standard model 
or generates a 100% original design in 
a lead time worth switching for! 
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Taiwan Liton Electronic Co., Ltd. 
12th Fl., 25 Tunhwa S. Rd. faipei, Taiwan, ROC 
Tel: (02) 771-4321/8 Fax: 886-2-75]-1962 


324 TIx: 24514/20211 TW/LITON 
“IBM PC/AT and PC/XT are trademarks of the International Business Machines Corp 


When pick-and-place problems pile up... 


aiaisiii 
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te 


fee capacitors solve all kinds of surface mount problems — by 
esign. 

Solid-tantalum chips (0.1 »F to 68.0 »F) have smooth 
precision-molded surfaces for positive vacuum pickup. They sur- 
vive vapor-phase and infrared reflow without tombstoning or 
drawbridging. 

Ceramic chips (1.0 pF to 2.2 »F) have a solder-guard design 
that helps prevent leaching. The aluminum carrier tape is static- 
free, so they don’t stick in the pockets. And the cover-tape pull 
force is highly uniform, for smoother machine feed. 

Every chip — every chip — is double-tested before reeling. 

KEMET surface mount capacitors — in all EIA and military 
standard sizes. They re the ones to pick for successful pick-and- 
place. Ask us for the new KEMET Surface Mount Catalog! 


Sales Offices and Distributors Worldwide 
In U.S.A.: (803) 963-6348; Telex 57-0496. 

In Europe: 41-22-396512; Telex 845-911302. 
In Asia: 852-372-31211; Telex 780-45162. 


KEMET Electronics Corporation 
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MOVING AIR IS EASY 


HAWKER] | 


FASCO INDUSTRIES, INC. 
MOTOR DIVISION HEADQUARTERS 
500 Chesterfield Center 


Call on us when your 
air-moving requirements 
exceed the ordinary. Suite 200 


Our product line is St. Louis, MO 63017 


limited only by your MOTORS AND BLOWERS (314) 532-3505/Telex: 44-7455 
Imagination. Telecopy: (314) 532-9306 


CIRCLE NO 284 


A314q0d 1S 


NEW PRODUCIS 


Seen ee ee 


COMPONENTS & POWER SUPPLIES 


FILTERS 


@ Are matched in pairs 
@ Have 60-dB min spurious re- 
sponse 


These filters, which are phase/am- 
plitude matched in pairs, have a 
nominal frequency of 21.4 MHz and 
a 3-dB bandwidth of +150 kHz min. 
Their initial offset has a 10° match- 
ing phase and a 1-dB amplitude. The 
devices also offer +120-kHz match- 
ing phase of 2° and amplitude of 0.5 


dB. Their spurious response equals 
60 dB min, and insertion loss equals 
10 dB max. The filters, which oper- 
ate over —20 to +85°C, have 500 
source and load impedance. Typical 
package size equals 1.8x0.6x0.52 
in. $650. 

Piezo Technology Inc, Box 7859, 
Orlando, FL 32854. Phone (305) 298- 
2000. TWX 810-850-4136. 
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RELAYS 


@ Designed for general-purpose 
applications 

@ Available in spst and spdt con- 
tact arrangements 


ORW Series 5A relays are designed 
for general-purpose applications, 
such as process control and telecom- 


munications, that require a high 
contact rating in a small package. 
The units are sealed to accommo- 
date wave soldering during pc- 
board processing operations. When 
switching 5A loads, the relays have 
a 100,000-operation life expectancy. 


Where Stanley LEDs Shine Bright 


Along the 
road 


large scale outdoor 
information 
displays... 


In the air 


cockpit controls 
and indicalors... 


In the office 


printers, copiers, 
facsimiles... 


ELECTRIC Co.,LTD. 
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In the living 
room 


VCRs, TVs, clocks, 
stereo systems... 


In the lab 


oscilloscopes, scales, 
microscopes... 


In industry 
warning displays, 
optical 
communications... 


Electronic Equipment Export Section/ 


Anywhere 


there’s a need for the 
clearest possible 
display. Stanley ts 
there with the world’s 
brightest LEDs. 


2-9-13 Nakameguro, Meguro-ku, Tokyo 153, Japan 
Telephone: (03) 710-2557 Facsimile: (03) 792-0007 Telex: 2466623 SECTOK J 
For more information, contact: AC. Interface, in the U.S., 714-841-6090, Deskin Sales, in Canada, 416-475-1412. 
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COMPONENTS & POWER SUPPLIES 


The devices are available with spst 
and spdt contact configurations. 
$1.09 (1000). Delivery, eight to 10 
weeks ARO. 

Original Electric Mfg Co Inc, 
123B Lincoln Blvd, Middlesex, NJ 
08846. Phone (201) 271-5770. 
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DATA MODULES 


@ Transmit analog data over digit- 
al data links 

@ Are compatible with time-divi- 
sion multiplexing techniques 


Series 5500 analog-modulator and 
-demodulator modules permit the 
transmission of precision analog in- 
formation over digital data links. 
The modulator (Model 5501) accepts 
a +1V, 500-kHz-bandwidth input 
signal and produces a 4- to 5-MHz 
TTL pulse train, which you can mul- 
tiplex with other TTL data streams 


and Better! 


for transmission over a digital data 
link. The demodulator (Model 5502) 
accepts a TTL carrier signal and 
produces a +2V or 0 to 4V output 
signal. If you employ a lowpass filter 
with a 1-MHz cutoff frequency, the 
overall link bandwidth equals de to 
500 kHz. Model 5501, $144 (25); 
Model 5502, $165 (25). Delivery, 
stock to six weeks ARO. 

Dymec Inc, 8 Lowell Ave, Win- 
chester, MA 01890. Phone (800) 225- 
1151; in MA, (617) 729-7870. TWX 
710-348-6596. 
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Our newly expanded Handbook of Personal Computer 
Instrumentation for Data Acquisition, Test, Measurement, 
and Control contains more than ever before. It has 


everything you've ever wanted to know, and much more. 


Almost 300 pages include: 


e A tutorial 
e An applications section 
e Example programs 


company’s letterhead to: 


The New PCI Handbook, Burr-Brown Corp. 
P.O. Box 11400, Tucson, AZ 85734 


BURR -BROWN ® 
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e A chapter on available software 
e System configuration guides 
e Technical specifications 


This $15 value is FREE for the asking. Write on your 


LAMPS 


@ /ncorporate six LEDs for in- 
creased brightness 
@ Available for ac or dc operation 


To improve their light output levels, 
the MF206 Series midget-flanged 
LED lamps and MG206 Series 
midget-grooved LED lamps utilize 
thick-film technology to incorporate 
six LEDs into a single lamp hous- 
ing. Both lamp series match the size 
of popular T1% lamps. To reduce 
their overall current requirement, 
the six LEDs are connected in se- 
ries, with integral resistors that 
provide 18 to 48V operation. Alter- 
natively, you can obtain versions of 
the lamps with the LEDs arranged 
in two parallel arms, with each arm 
containing three LEDs. In addition 
to providing a level of redundancy in 
the event of one arm failing, this 
arrangement allows operation from 
supplies as low as 5V. Versions with 
the LEDs arranged for ac operation 


MINIATURE 
POWER 


SUPPLIES 


@ 1.5” x 0.75” x 0.375” 
90 — 132/264 VAC in 
S VDC 60/150 mA out 


@ 1.875” x 0.875” x 0.375” 
90 through 264 VAC in 
5 VDC 500 mA out 

@® 1250 VAC Isolation 
$32.50 — $49.50 100 aty. 


P.O. Box 8761 
Coral Springs, FL 33075-8761 
(305) 344-3682 


call or write for details! 
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Infinite Ins @ Outs 


At General Devices, we not only know the ins 
and outs of the electronic packaging business, we. 
manufacture them. Our selection of Chassis Trak® 
slides includes rugged solid bearing slides, 
smooth action ball bearing slides and 


unique bottom mount slides for heavy 
loads—the widest range of equipment slides in 
the industry for every application. And, 4 
because we'll custom design and manufacture 
to your special requirements, the ins 

and outs are endless. 

For all your electronic hardware needs, from 
Chassis Trak Telescoping Slides to a : 
complete line of cabinets, enclosures and | 
accessories, write General Devices Company, Ine 
PO. Box 39100, Indianapolis, IN 46239. 

Or call (317) 897-7009, Telex: 27-2169, FAX: 317-898-2917. 

Need slides now? Get FastItak'™ shipment on 
more than 300 different Chassis Trak Slides 


in 48 hours or less! 


GENERAL 
DEVICES 


Electronic Hardware 
Manufacturers CIRCLE NO 283 


See us at WESCON, Booths 4608 & 4610 


Chassis Trak® is a registered trademark of General Devices Company, Inc. 


OEM Products 
E&M — Wichita 
3718 North Rock Road 
Wichita, Kansas 67226 
1-800-325-SCSI 


For a racer, the answer is 

more power ... more speed. 
For those in the fast lanes of 

business, power is storage 


capacity. Speed is performance. 


And the hottest vehicles are 
those systems that can keep 
pace with the demanding 
performance requirements of 
your business. 


The SCSI Solution from 
NCR is a collection of products 
which can help you put your 
system into high gear — and 
leave your competition in 
the dust. 


Host adapters. Disk and 
tape controllers. The first SCSI 
printer controller. 


And storage subsystems. 
In compact tabletop and stand- 
alone floor units with capacities 
from a few hundred megabytes 
to 1.6 gigabytes. 


We'll provide what you 

need — and help integrate it 
into your overall system. 
The result is a system that 
maintains improved SCSI 
performance even as you 
expand peripherals. 

All exhaustively tested in 
our own testing facilities. And 
fully supported by NCR, the 
company who helped develop 
SCSI. 


So ask us about the SCSI 
Solution. Take it for a spin. 
And rev up your business. 


Register to win a radio-controlled race car at the 
NCR OEM Products booth, Wescon Booth #155! 
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are also available. £2.72. 

Marl International Ltd, Ulvers- 
ton, Cumbria LA12 7RY, UK. 
Phone (0229) 524380. TLX 65100. 

Circle No 371 


VF DISPLAY MODULE 


® Can be filtered to complement 
front-panel design 

e@ Includes drive, refresh, and con- 
trol electronics 


The VF-0220-01 is a 2-line x 20-char- 
acter vacuum-fluorescent-display 
subsystem. Its 0.2-in. dot-matrix 
viewing area presents 40 characters 
in a tight footprint. You can filter 
the blue-green display to blue, 
green, aqua, or yellow to comple- 
ment front-panel design. The mod- 
ule contains display drive, refresh, 
and control electronics. The device 
operates from 5V; its de/de convert- 
er provides all additional operating 
voltages. A wP controller offers ed- 
iting functions such as blinking 
characters and horizontal scrolling. 
$148 (100). Delivery, stock to 12 
weeks ARO. 

Babcock Display Products Inc, 
1051 S East St, Anaheim, CA 92805. 
Phone (714) 491-5121. TLX 249646. 

Circle No 372 


SIGNAL CONDITIONER 


@ Has +0.005% max nonlinearity 
@ Direct transducer interface has 
no external parts 


The 1B82 hybrid signal conditioner 
offers +2 wV/°C max offset voltage 
and +6 ppm/°C gain drift. Nonline- 
arity equals +0.005% max and com- 
mon-mode rejection equals 140 dB 
min. The device provides pin-selec- 
table gains of 333.3V/V and 500V/V 
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for 2 mV/V and 3 mV/V load cells. 
Additional features include a direct 
transducer interface with no exter- 
nal parts and a remote sensing in- 
terface with 6-wire load cells. To 
optimize performance, you can pro- 
gram the transducer’s preset excita- 
tion from 4 to 15V at 100 mA. The 
integral 3-pole lowpass filter offers a 
60-dB/decade roll-off from 4 Hz, 


ANALOG IS ALIVE 
AND WELL IN: 


A_Designer’s 


Guide to 


Innovative Linear Circuits 


As exciting as digital technology is, 
you still need analog circuitry to 
operate on signals from real-world 
sources. Now, EDN is offering a 
wealth of analog design information 
in A Designer’s Guide to Innovative 
Linear Circuits. 

This 186-page collection of articles 
was developed by Jim Williams, one 
of America’s foremost linear-circuit 
designers. It includes practical and 
efficient ways to use op amps, com- 
parators, data converters, and other 
analog ICs, and discusses the the- 
ories behind all the design tech- 


niques presented. 
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which reduces common-mode noise 
and improves the system’s signal-to- 
noise ratio. The device has an oper- 
ating range of —25 to +85°C. $52 
(100). Delivery, stock to six weeks 
ARO. 

Analog Devices Inc, Box 9106, 
Norwood, MA 02062. Phone (617) 
461-3643. TLX 174059. 
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TRIACS 


@ Feature a 25A on-state current 
rating 
@ Have a 35-mA min gate current 


BTA 140 Series glass-passivated 
triacs have an on-state current han- 
dling capability of 25A rms. The 
devices are designed for use in ap- 
plications that require high bidirec- 
tional transient- and blocking-volt- 
age capability, and they feature a 
200A surge-current rating in 60-Hz 
systems. The units have a 35-mA 


min gate-current triggering re- 
quirement. You can order them 
rated for 500, 600, or 800V. They 


come housed in encapsulated 
TO-220 packages. For 500V types, 
$1.20 (10,000). Delivery, 12 weeks 
ARO. 

Amperex Electronic Corp, 
George Washington Hwy, Smith- 
field, RI 02917. Phone (401) 232- 
0500. 
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TERMINAL BLOCKS 


@ Are UL recognized 
@ Have optional flame-retardant 
marker strips for identification 


These UL-recognized terminal 
blocks for cable-to-cable applica- 
tions come in a variety of sizes and 
styles. The units have barriers be- 
tween the terminals to maximize 
electrical ratings and to provide ad- 
ditional protection against acciden- 
tal shorting. The blocks feature 
brass screws, which are less suscep- 
tible to corrosion from moisture. 
Options include flame-retardant 
marker strips for identifying the 


You Don’t Need a Thousand Words 
When You Have a Picture Like This! 


The image quality 


demonstrated here is re- 
quired by your customers... 
and will be appreciated! They 
expect THE BEST from original 
equipment manufacturers. 
You can provide it! While 
other video monitor venders 
Claim, ‘about 100 + MHZ” 
video bandwidth,* Video 
Monitors, Inc. provides it! 
While other vendors claim, 
full gray-scale color capabili- 
ty,’’ VMI delivers it! 


And if your customers or 
you need semi-custom or 
custom designs, VMI can pro- 
vide this service. These are 
just a few of the reasons why 
Video Monitors, Inc. should be 
your supplier of very high 
resolution monitors. 


3933 North White Avenue 
Eau Claire, Wisconsin 54703 
(715) 834-7785 


A Subsidary of DOTRONIX, INC 


Large Image Area 


Unretouched photograph 
*3.5 NS max. rise & fall time measured at CRT cathode. 


State-of-the-Art Technology 
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EDN MAGAZINE 
GREATLY ENHANCES OUK 
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INTERNATIONAL IMAGE.” 


Phil F. Walters 


Marketing Director 


Hunting Hivolt Ltd. 
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COMPONENTS & POWER SUPPLIES 


terminal positions. The terminal 
blocks are currently undergoing 
CSA (Canadian Standards Associa- 
tion) certification testing. $0.46 to 
$10.17 (1000). 

TRW Electronic Components 
Group, 1501 Morse Ave, Elk Grove 
Village, IL 60007. Phone (312) 981- 
6000. 

Circle No 375 


POWER SUPPLIES 


@® Provide 5, 12, 24, or =15V out- 
puts 

@ Are suitable for chassis or pc- 
board mounting 


Minivolt miniature power supplies 
measure 90X64X32 mm and are 
suitable for chassis or pc-board 
mounting. They operate from 110/ 


Can Your 68000 Emulator 
Maich these Features? 


To address the new generation of high speed 


microprocessors, Microcosm introduces its 
ECU Series of in-circuit emulators. 


68000/68010 Emulation in Real 
Time. Microcosm provides full-speed 
real time support for the fastest 68000/10 
silicon available...16.67MHz. 


Access Trace at Any Time. 
Microcosm’s ECU Series lets you view 
trace without stopping emulation, and 
without disturbing your target. 


Break on Register Contents. Monitor- 
ing bus, data and control line activity 
sometimes isn’t enough. Microcosm 
goes one step further, allowing the user 
to define register value breakpoints. 


The Most Extensive Trigger 
Facilities Available. With 32 hardware 
triggers arranged in eight sequential 
levels, Microcosm’s ECU Series finds the 
most deeply nested bugs. 


Full-Featured Macro Support. 


Microcosm maximizes your efficiency 


Overlay Memory to Support your 
Largest ROM-Based Projects. 
Microcosm’s ECU Series is designed to 
meet your current and future needs, 
supplying up to six megabytes of over- 
lay memory. 


Don’t Waste Valuable Time Load- 
ing Code. Microcosm’s FastLoad™ fea- 
ture provides up to 100+ Kbyte/minute 
load speeds over a standard RS232C 
link. 


Find out how you can debug your 68000 
project quickly, easily and economically. 
Call us for technical information, or to 
schedule a product demonstration. 


Microcosm also has emulation 
support for 8088, 8086, 80188, 
80186 and 80286 microprocessors, 
and 8051 family 
microcontrollers 


y| | IN 


at the keyboard: supporting “C’-like ees es 
operators and expressions, conditional rx 
statements, parameter passing and | | K 18 MICROCOSM 
local variables. at | ld 15275 S.W. KOLL PARKWAY 
BEAVERTON, OR 97006 
(503) 626-6100 
TELEX: 759527 
CIRCLE NO 44 
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230V line inputs. Single-output ver- 
sions provide a 5V output at 0.5, 
1.0, 1.5, 2.0, or 2.5A; a 12V output 
at 1.2A; or a 24V output at 0.6A. 
The dual-output versions provide 
+15V outputs at 0.1, 0.2, or 0.5A. 
You can ground the positive or nega- 
tive output of the single-output sup- 
plies to generate a positive or nega- 
tive output. The dual-output 
versions have one common terminal 
for their positive and negative out- 
puts. Line regulation is +0.05%, 
and zero- to full-load output regula- 
tion is 0.15% for single-output ver- 
sions and 0.35% for dual-output ver- 
sions. Output ripple is less than 1 
mV. Approximately £100. 

Hunting Hivolt Ltd, Riverbank 
Works, Old Shoreham Rd, Shore- 
ham-by-Sea, West Sussex BN4 
5FL, UK. Phone (0273) 454511. 
TLX 87466. 

Circle No 376 

Hunting Hivolt, 1008 W 9th Ave, 
King of Prussia, PA 19406. Phone 
(215) 265-7462. 

Circle No 377 


DISPLAY 


®@ Has drive electronics and a wP- 
based controller 

® Operates in either serial or par- 
allel modes 


The 192-columnxX8&8&-row Model 
APD-192G088-1 graphics display 
has drive electronics and a pP-based 
controller. The display, which you 
can program to operate in serial or 
parallel mode, furnishes refresh 
memory, character generation, and 
control logic. The unit uses 1- or 
2-byte commands to simplify code 
generation while accomplishing 
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side view 
(actual size) 


With a Planar light-emitting 
electroluminescent flat 
panel display, you could use 
the rest of this space for 
anything you like. Call either 
503-690-1100 or 503-690-1102, 
or write for a brochure: 
PLANAR SYSTEMS, INC. 
1400 N.W. Compton Drive 


Beaverton, Oregon 97006. ro L\/VLN— 


The Definition of Quality 
EDN November 12, 1987 CIRCLE NO 267 335 
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WHEN YOU HAVE THE FACTS— 
YOU'LL KNOW THERE IS NO COMPETITION 


Introducing the Venable 350—A New Generation Design Tool For Frequency Response 
Analysis, Synthesis, Modeling and Testing of Power Supply and Servo Control Loops. 


The Venable 350. It's a highly flexible, computer- few key strokes on the same instrument. 

based 0.0001 Hz to 1.0 MHz frequency response Armed with a 350, an engineer can arrive 
analyzer. It allows you to quickly and precisely at an optimized error amplifier or compensator 
measure and document the frequency charac- design and documentation in minutes—rather than 


teristics of any component or system. Competitively having to settle for just an “acceptable” version 
priced with other uncompromising analyzers, it truly after days or even weeks. 


offers a quantum leap forward in performance and The 350 maximizes your engineering 
design capability. creativity. And it’s a real workhorse in a test 

The Venable 350 is a new generation fool = environment. But there's so much to the Venable 
that—for the first time—fully integrates analysis, 350 it can't be covered in one page. Why not 
synthesis, modeling, and test functions. This means —_ contact Venable Industries today. After all, if you 
that you can now easily and quickly synthesize a dont—how do you know your competition won't? 
circuit, plot the analysis results, specify design Venable industries, 3555 Lomita Bivd., Torrance, 
changes, test the frequency response of actual CA 90505. Outside CA (800) 262-2522. Inside 


hardware, and then overlay the model with just a CA (213) 539-2522. Fax: (213) 539-4139. 


VENABLE 
INDUSTRIES, INC. 


VeE oN B kL E 
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Seen, 


tasks such as scrolling or line and 
character insertion. A 4kx8-bit 
EPROM generates 256 characters— 
128 US ASCII characters and 128 
block-graphics characters. The ven- 
dor will program alternate charac- 
ter sets for you, or you can program 
them yourself. You can also order a 
version that will directly interface 
with CRT controllers. $699 (100). 
Dale Electronics Inc, 2064 12th 
Ave, Columbus, NB 68601. Phone 
(402) 564-3181. 
Circle No 378 


TRIMMERS 


e Withstand soldering to 300°C 
@ Are compatible with major pick- 
and-place equipment 


Model 3314 surface-mount trimmers 
withstand 300°C soldering tempera- 
tures. Designed to minimize board 
real-estate requirements, the units 
measure 4.45 x4.45x2.55 mm. They 


are compatible with all major pick- 
and-place equipment. The devices 
have standard resistance values 
from 100 to 2 MQ and a contact- 
resistance variation of 1%. You can 
specify either J-hook or gull-wing 
lead configurations. The trimmers 
meet EIA standard 481 and come in 
12-mm embossed tape on 7-in. diam- 
eter reels. $1.09 (1000). Delivery, 12 
weeks ARO. 

Bourns Inc, 1200 Columbia Ave, 
Riverside, CA 92507. Phone (714) 
781-5500. TLX 676423. 

Circle No 379 


LED LAMPS 


@ Replace T1-size filament lamps 
@ Available in five colors 


Operating from 15 to 28V de sup- 
plies, LSMF125 Series T1-sized 
LED lamps are direct replacements 
for filament-bulb types. Compared 
to filament-bulb lamps, they offer 
high reliability, less heat genera- 
tion, and lower power consumption. 
The lens incorporated into the lamp 
provides even illumination over its 
entire area, and an integral resistor 
controls the lamps’ operating cur- 
rent. The Tl-sized flanged lamp 
housing is 3.5 mm in diameter and 
11 mm in length. The lamps are 
available with red, orange, amber, 
yellow, or green illumination. £2.97. 
Marl International Ltd, Ulver- 
ston, Cumbria LA12 7RY, UK. 

Phone (0229) 52430. TLX 65100. 
Circle No 380 


Wells-Gardner adds a cost-effective 
touch to customized CRT displays 


The first completely integrated family of interactive color 
m  Cisplays, Wells-Gardner Prismatic™ K7000 Series satisfies your 
| requirements for graphic-over-video, high quality RGB analog, 


Mod 35/64™ (15)’ 17/19”) 
High-density display features 
up to 70 kHz scanning 
frequency 


NTSC, audio and much more. 


Prismatic Touch Screen displays are available 
in 13” 15" 18” and 19” sizes with resolutions 
ranging from TV grade (320x240) to fine pitch 


(640x240) with a variety of hori- 
zontal scan frequencies. 


The touch-screen product line 
offers maximum flexibility for 
customizing with Wells-Gardner’s 
proprietary Cyclops® single LED 
light source. The high-resolution 
(100x70), membrane-free 
Cyclops unit is available with 
Wells-Gardner’s integrated 
monitor package, with your 
monitor and bezel or as a stand 
alone device. 


Optimiser™ (12/’ 15/” 17,” 19) 
Optimum performance ina 
space-saving package. 
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Customiser II™ (7) 9” 14”) 
Wide variety of application 
choices. 


i EE 
SERVING CONSUMER AND INDUSTRIAL ELECTRONICS FOR MORE THAN SIXTY YEARS 


CIRCLE NO 45 


See us at WESCON, Booth #812 


Eo —____ += _ 


Famous for taking the “cuss” out of 
customizing, Wells-Gardner offers an 
extensive line of color and monochrome 
monitors designed to complement your most complex custom 
designed applications. For details, call Larry Brady, Vice 
President of Sales. 
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HOURS MINUTES 


ar 
puters “a 


Until now, if you wanted to put 50,000 
gates on one chip, you usually had to put 
them in one at a time. You had to put in 
three months work. And you had to put 
your launch date into a holding pattern. 

Not anymore. 


Announcing the 


only compilers that take you to 
gate arrays and cells. Fast. 


Now with VLSI's new Datapath and 
State Machine Compilers you can design 
in high level symbols instead of gates. A 
design that used to take months, can now 


SECONDS 


Sica 


be turned around in days. Even less. 

With the help of our new Datapath 
Compiler you can design a 64-bit RISC 
datapath on your lunch hour. 

But can you use control logic? You bet 
your sweet datapath you can. 

Our State Machine Compiler accepts 
high level expressions of logic functions 
and gives you tightly packed state control 
logic in a fraction of the time it would 
take to design it by hand. 

We did the design entry for an asynchro- 
nous receiver in one hour. It would've taken 
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HOURS 


ee 


seven days using traditional schematics. 
And not only do we give you high 

integration design tools, we give 

you high integration devicss 
Our CMOS 1.5 micron 

VGT100 series of gate arrays j 

puts as many as 50,000 use- 

able gates on a chip. And ¢ 

our 1.5 micron CMOS 

cell-based technology 

packs over 100,000. 
If youd like more 

information about 
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MINUTES SECONDS 


our new Datapath and State Machine 
Compilers, and the VGT100 family of 
gate arrays they work with, write us 
at 1109 McKay Drive, San Jose, 
CA 95131. Or give us a call at 
(800) 872-6753. 
Well show you a good time. 


o find out how much time you can 
~ save, call us for a free stopwatch. 


9 V LSI TECHNOLOGY, INC. 
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NEW PRODUCTS > 


DUAL OP AMP 


@ Rail-to-rail operation for both 
input and output signals 

@ Features low-voltage and low- 
power operation 


The Si-Gate CMOS ALD-2701 is a 
dual op amp that allows the input 
and output signal levels to extend to 
the supply-voltage rails. For a single 
5V supply, for example, the input 
and output voltage ranges are 0 to 
5V. The parameters are specified at 
5V, but you can use a2 to 12V single 
supply or dual supplies of +1 to 
+6V. The maximum supply current 
for each op amp is 250 pA. The 
device has a unity-gain bandwidth 
of 0.7 MHz and a slew rate of 0.7V/ 
wsec. Each amplifier can drive ca- 
pacitive loads to 100 pF and remain 
unity-gain stable. The part is avail- 


INTEGRATED CIRCUITS 


able in a plastic or ceramic DIP or in 
die form. In an 8-pin plastic DIP, it 
costs $0.89 (10,000). 

Advanced Linear Devices Inc, 
1030 W Maude Ave, Suite 501, 
Sunnyvale, CA 94086. Phone (408) 
720-8737. TWX 510-100-6588. 

Circle No 381 


12.5-MHz pP 


@ Designed for embedded-control 
applications 
@ Offers multimode operation 


The 80C186 wP is an improved ver- 
sion of the original 80186 suitable 
for embedded-control applications 
and industrial and office automa- 
tion. The wP is currently available 


in a 12.5-MHz version; a 16-MHz 


version is scheduled for the first 


quarter of 1988. The device operates 
in several modes, including an 


HMOS-based _80186-compatible 
mode, a high-impedance test mode 
for in-circuit testing, and an en- 
hanced mode with dynamic-RAM 
refresh and power-save logic. The 
dynamic-RAM-refresh controller is 
programmable to automatically 


Color by 


340 


Moi brightens existing 


Domain® systems with an 
upgrade to display 256 colors 
from a 16.8 million color 
palette. Brooktree” bright- 
ened Apollo’ day with 

the RAMDAC that makes 


that palette economical. 
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yenerate refresh cycles every 18 to 
512 clock periods. The system soft- 
ware development tools are the 
same as those for the 8086 and 
80186. In a 68-pin plastic or ceramic 
LCC or ceramic PGA (pin-grid 
array) package, $18 (1000). 

Intel Corp, 3065 Bowers Ave, 
Santa Clara, CA 95051. Phone (800) 
548-4725. 

Circle No 382 


80286 pP 


@ Offers performance nearly 
equivalent to 80386 systems 

e@ Supports OS-2 and Microsoft 
Windows 


The 16-MHz 80286-16 »P speeds 
performance by 28% over its 12.5- 
MHz predecessor and provides a 
system performance more than 
twice that of an IBM PC/AT. Bench- 
mark tests on an 80286-16 PC/AT 
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compatible indicate a performance 
equivalent to current 80386 PC/AT 
compatibles. An 80286-16-based 
system supports the OS-2 operating 
system as well as graphics environ- 
ments such as Microsoft Windows. 
You can use the pP in the IBM 
PC/AT and compatibles, communi- 
cations controllers, and engineering 
workstations. 68-pin LCC, $150; 
PGA (pin-grid-array) package, $175 
(100). 

Advanced Micro Devices Inc, 
Box 3453, Sunnyvale, CA 94088. 
Phone (408) 982-7445. 

Circle No 383 


75 MHz to 135 MHz. 


422-9040, in California. 


of Apollo Computer Inc. 
Corporation 1987 


CIRCLE NO 46 


CMOS 12-BIT DACs 


e Include an on-chip output am- 
plifier 

e@ Provide an on-chip voltage 
reference 


The AD7245 and the AD7248 D/A 
converters each include an on-chip 
amplifier and a voltage reference. A 
merged bipolar/CMOS fabrication 
process combines precision linear 
functions with high-speed digital 
logic. The settling time is 5 psec. 
Both DACs operate from either a 
single or dual 15V supply and dissi- 


Brooktree Bt458. Triple 8-bit color . 
RAMDAC. Available in speeds from 


Colorboard upgrade for Apollo 

DN3000 and DN4000 Domain : 
Systems. Provides 1024 x 800 screen 

resolution. Displays 256 colors ; 
from 16.8 million color palette. 


Brooktree Corporation, 9950 Barnes 
Canyon Road. San Diego, California 
92121. 1-800-VIDEO IC or 1-800- 


Apollo and Domain are registered trademarks 
Copyright Brooktree 
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INTEGRATED CIRCUITS 


pate 135 mW max. The AD7245 
accepts data in a 12-bit format, and 
the AD7248 provides an 8+4-bit in- 
terface for use with 8-bit buses. 
Both devices incorporate high-speed 
logic (80 nsec) for direct interfacing 
with most Ps. They also include 
on-chip interface logic and a double- 
buffered latch structure for simulta- 
neous update in multiple-DAC sys- 


Nd-Fe-B Magnet 


Samarium Cobalt Magnet 
Cerium Cobalt Magnet 


Ferrite Magnet 


tems. The manufacturer guarantees 
monotonicity over three tempera- 
ture ranges: 0 to 70°C (J grade); 
—25 to +85°C (A grade); and —55 to 
+125°C (S grade). Either device (J 
grade), $9.85 (100). 

Analog Devices, 70 Shawmut Rd, 
Canton, MA 02021. Phone (617) 935- 
9065. TWX 710-394-6577. 

Circle No 384 


Shin-Etsu Chemical has 
won international trust 
on the strength of 
its technology. 


From development of its magnetic material to Super-precision 
processing of the magnet, Shin-Etsu Chemical is tackling its 
production under an integrated setup. 


Samarium Cobalt Magnet 


M@iGrades and typical magnetic properties of “Shin-Etsu” rare-earth magets 


Shintsu MAGNET DEPT, ELECTRONIC MATERIALS DIVISION. 


Head Office : 6-1, Ohtemachi, 2-Chome, Chiyodaku, Tokyo, Japan. 


Phone _ : 03-246-5246 
Telex  : J24790 SHINCHEM 2223583 SECHEM J 
Tele Fax : 03-246-1335 (GII, GI) 
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Los Angeles Liaison Office 

431 Amapola Avenue Torrance, California 90501 
Phone _ : (213) 533-8559 

Faximile : (213) 533-8936 


CIRCLE NO 47 


8-BIT CMOS DAC 


®@ Microprocessor compatible with 
double-buffered data inputs 
® Guaranteed monotonicity 


Offered as an improved version, the 
PM-7224 is a multiplying 8-bit, volt- 
age-output, CMOS D/A converter 
that features an internal amplifier 
capable of sourcing 5 mA and.driv- 
ing a 3300-pF load. The 8-bit regis- 
ters have double-buffered inputs, al- 
lowing the simultaneous updating of 
multiple DACs in a system. Double 
buffering also minimizes the possi- 
bility of digital glitches appearing at 
the output. The PM-7224 contains a 
reset pin that functions as a zero 
override for DAC reset during pow- 
er-up or for periodic calibration. 
The device operates with either a 
dual (15V, —5V) or a single (5 to 
15V) supply. Commercial grade, 
$3.96; military 883 device, $27.84 
(100). 

Precision Monolithies Inc, Box 
598020, Santa Clara, CA 95052. 
Phone (408) 727-9222. TWX 310- 
371-9541. 

Circle No 385 


INTEGRATING ADCs 


© Provide 3%4-digit, high-resolu- 
tion outputs 

© Operating supply current is 100 
pA 


The MAX133 and MAX134 are low- 
power CMOS integrating A/D con- 
verters that provide 3%4-digit, high- 
resolution outputs. When operating 
from 9V supplies, the ADCs draw a 
supply current of 100 pA (25 pA in 
standby mode). The devices also 
provide seven input channels, on- 
board switches for range and mode 
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The suppliers you choose deserve 
close scrutiny. After all, they affect 
the success or failure of your 
products. That’s why you should 
take our measure—and discover 
how well we size up. 


START WITH SELECTION. With 
us, you can be picky. We offer 
more than 6000 standard, 
miniature and subminiature 
products and components. 


UTILIZE OUR ASSISTANCE. A 
team of support engineers will not 
only customize any of our existing 
products, but work with you to 
develop a new one to fit your 
specific requirements. 


INSPECT OUR QUALITY. We do, 
using statistical process control 
and 100% electrical/mechanical 
verification, we continually 
maintain precise quality. 


EXAMINE OUR RECORD. For over 
40 years, Switchcraft has been a 
EDN November 12, 1987 


by-word for performance- 
conscious design engineers. 
Today, we’re a prime source of 
supply in most countries— 
world-wide. 


Any way you size us up, we 
calibrate to meet your needs. No 
matter what you're designing, we 
can be instrumental in the perform- 
ance of your product. Contact us— 
we'll show you more reasons why 
we're right on the mark. 
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Send me information on your quality 


. EDN111287 
LJ Please have a representative contact me. 


L] Please send me your General Line Catalog 
covering the complete Switchcraft line. 


My area(s) of interest is: 


[J Switches [J Connectors LJ Power Cords 
CL] EAC Receptacles LJ Jacks/Plugs 
[J Molded Cable Assemblies L] Patch Panels 


| 

| 

| 

| 

| 

| 

| 

My application is L] Current | 

CJ Future 0 (date). | 
Name | 
Company ! 
Address | 
| 

| 

| 

| 

| 


City 


Switchcraft 


5555 N. Elston Ave. 
Chicago, IL 60630 
(312) 792-2700 
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selection, signal resolution to 10 
wV, and pP interface circuitry. 
Their conversion rate is 20 readings/ 
sec. Combining an external resistive 
attenuator with the pP-controlled 
range switches allows signal meas- 
urements over a range of five dec- 
ades. Mode-selection switches, also 
under »P control, switch between 
voltage and current (either ac or dc) 
and ohms. Both devices offer a nor- 
mal-mode rejection of at least 80 dB 
at line frequencies. The MAX133 
has a multiplexed address/data bus 
that reduces the number of I/O lines 
for interfacing to 4-bit wPs. The 
MAX134 has a separate 4-bit bidi- 
rectional data bus and three address 
inputs that simplify interfacing to 
8-bit Ps. 40-pin plastic DIP, $11; 
44-pin plastic chip carrier, $12.10 
(100). 

Maxim Integrated Products, 510 
N Pastoria Ave, Sunnyvale, CA 
94086. Phone (408) 737-7600. 

Circle No 386 


MILITARY OP AMP 


© MIL-STD-883B processing 
© Low noise, high open-loop gain, 
and high CMRR 


For military and high-reliability sys- 
tems, the OPA111/883B offers preci- 
sion performance and radiation 
hardness. The device is manufac- 
tured in production facilities certi- 
fied by the Defense Electronics 
Supply Center for MIL-STD-976A 
monolithic circuits. Circuit-design 
techniques and low-noise processing 


result in a noise floor of 8 nV/V Hz 
at 10 kHz, and dielectric isolation 
makes possible the low bias current 
of 2 pA. The device also features low 
offset voltage and low drift. $27 
(100). 

Burr-Brown, Box 11400, Tucson, 
AZ 85734. Phone (602) 746-1111. 
TLX 666491. TWX 910-952-1111. 
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CMOS 80286 wP 


®@ Specs a maximum 12.5-MHz 
clock rate 

© Keduces power 60% compared to 
NMOS 80286 


The static CMOS 80C286-12 wP has 
a maximum clock rate of 12.5 MHz 
and a worst-case supply current of 
20 mA/MHz. For the 12.5-MHz 
operating frequency, the 20-mA/ 
MHz rating yields a power reduc- 
tion of approximately 60% compared 
to the NMOS 80286 version and ap- 
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proximately 40% compared to the 
80L286. The wP is compatible with 
the NMOS 80286 and includes multi- 
tasking support capability and on- 
chip memory-management circuit- 
ry. Operating in the static mode, an 
80C286-based system can realize as 
much as a 90% power savings by 
stopping the system clock or reduc- 
ing the operating frequency. The 
device has a minimum frequency of 
de, which is the same dc-to-maxi- 
mum-frequency range as for the 
80C86 and 80C88. Using an 80C286 
as the host, you can add static, 
software-compatible 80C86 and 
80C88 satellite processors and have 


complete control over power, oper- 
ating frequency, and throughput. 
$125 to $170 (100). 

Harris Corp, Semiconductor Sec- 
tor, Box 883, Melbourne, FL 32901. 
Phone (305) 724-7418. 

Circle No 388 


RAM CONTROLLER 


@ Dedicated controller for 1M-bit 
dynamic RAMs 

@ Fast LSI II process means low 
propagation delay 


The 52-pin 74F968 provides row- 
and column-address multiplexing, 
refresh-address generation, and 
bank selection for as many as four 
banks of 16k-, 64k-, 256k-, or 1M-bit 
dynamic RAMs. It has two 10-bit 
address latches and two 10-bit coun- 
ters for row- and column-address 
generation during refresh. A 2-bit 
bank-select latch switches two high- 
order address bits to select one of 


the four RAS (row address select) 
and CAS (column address select) 
outputs. The typical current drain is 
265 mA. The unit eliminates the 
need for multiple controllers for the 
same function. It is functionally 
equivalent to the 2968 dynamic- 
RAM controller, but addresses four 
times the memory-array size and 
directly drives as many as 88 dy- 
namic RAMs. In a plastic LCC, $30 
(100). 

Fairchild Semiconductor Corp, 
333 Western Ave, South Portland, 
ME 04106. Phone (800) 554-4448. 

Circle No 389 


Only POWEREX. 


Now, POWEREX—a joint venture of GE, Westinghouse and Mitsubishi—has acquired the GE/RCA line of low-power 
triacs, SCRs and D66/D67 power Darlingtons. And added them to our already broad line of power semiconductors. 


More evidence POWEREX provides what no one else has provided before. 


Broadest line convenience versus narrow line restrictions. One-source compatibility versus multi-source doubt. 
Off-the-shelf availability versus back-order delays. Impartial advice versus biased opinions. 


POWEREX versus the competition. Our advantages are obvious. 


Nobody else now offers you GE/RCA low-power triacs and SCRs as part of the broadest line of power semiconductors available. 


Only POWEREX offers as complete a line of isolated power modules, triacs, power transistors, Mosfet (FETMOD™) modules, 
Mos-Bipolar (MOSBIP™) modules, rectifiers, thyristors, power hybrids, GTOs, RCTs, asymmetric SCRs and stack assemblies. 


For more information, contact your POWEREX distributor or sales representative. For product literature, call 4-800-454-1445, 
Extension 200. In New York, call (345) 457-9334. For application assistance, call (412) 925-7272 


or write POWEREX, Inc.., Hillis Street, Youngwood, PA 15697. 


VEIMEREX 


Joint Venture Corporation of GE, Westinghouse and Mitsubishi. 


CIRCLE NO 48 


FREQUENCY 
SYNTHESIS 


at your fingertips! 


STEL-9172 Numerically Controlled 
Oscillator (NCO) Evaluation Board. 


Features: 


cosine functions of very precise frequency 
at clock speeds of up to 25 Mhz. 
Features: 32-bit frequency resolution, 8 
bits sine and cosine amplitude resolution, 
12-bit phase outputs, 300mw power 
dissipation at 25 MHz. 


Uses the ST-1172A NCO 

Sine Wave or Square Wave (TTL) 
Outputs 

1 Hz to 10 MHz Operation 

Fixed Frequency Mode (Generates a 
fixed frequency from 1 Hz to 10 Mrz) 
Swept Frequency Mode (Sweeps be- 
tween a start and stop frequency at 
up to 10K steps/sec.) 

Stepped Frequency Mode (Steps 
through a user selected sequence of 
up to 8 frequencies at up to 10K 
Steps/Sec.) 


STANFORD 


TELECOMMUNICATIONS 


2421 Mission College Blvd. 

Santa Clara, CA 95054-1298 

Call or write to Patti Laakso 

(408) 980-5684 

Telex: 910-339-9531 

See us at WESCON, Booth 4118 


346 CIRCLE NO 49 


INTEGRATED CIRCUITS 


FAST 12-BIT DAC 


@ 35-nsec settling time to within 
+0.025% of full scale 

@ +'%-LSB max integral linearity 
error 


The AD568 is built using a proprie- 
tary complementary bipolar-process 
technology that combines high- 
speed npn and pnp transistors on 
the same chip to achieve high-speed 
switching and current steering. The 
chip includes an accurate buried- 
zener reference and a variable 
threshold adjust for TTL or CMOS 
logic compatibility. Typical applica- 
tions for the AD568 are waveform 
generation and video graphics dis- 
plays; it is also suitable as a building 
block in high-speed and high-resolu- 
tion successive-approximation A/D 
converters. Depending on grade 
and temperature range, $35 to $108 
(100). 

Analog Devices, Literature Ctr, 
70 Shawmut Rd, Canton, MA 
02021. Phone (617) 329-4700. TWX 
710-894-6577. TLX 174059. 

Circle No 390 


STATIC RAM/CALENDAR 


@ Includes 11-year battery backup 
@ Has on-chip power-fail detection 


The MK48T02/12 is a 2kx8-bit 
CMOS static RAM that also incorpo- 
rates a real-time clock/calendar, 
quartz crystal, and lithium battery 
in its 24-pin JEDEC-standard DIP 
package. The RAM is available in 
various speed versions with access 
times ranging from 120 to 250 nsec. 
The clock/calendar provides a 24- 
hour clock and calendar information 
with leap-year correction as BCD 
format data. Its lithium carbon 
monofluoride battery has a worst- 


case life of 45 years at 55°C or 11 
years at 70°C. To ensure data integ- 
rity, on-chip circuitry automatically 
deselects the RAM during power- 
down conditions. The MK48T02/12 
operates from a 5V supply and oper- 
ates over 0 to 70°C. $19 (1000). 
Thomson Semiconducteurs, 45 
Ave de l'Europe, 78140 Velizy, 
France. Phone (1) 39469719. TLX 
204780. 
Circle No 391 
Thomson Components-Mostek 
Corp, 1310 Electronics Dr, Carroll- 
ton, TX 75006. Phone (214) 466- 
6000. TLX 730643. 
Circle No 392 
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BINARY COUNTERS 


@ Presettable, synchronous 4-bit 
up/down counters 

@ Advanced CMOS logic ensures 
high speed and low power 


You can asynchronously preset the 
CD54/74AC/ACT191 ACL  (ad- 
vanced CMOS logic) counters to a 
desired number, but counting up or 
down occurs synchronously. A sin- 
gle up/down pin determines the di- 
rection of the count. The counters 
are incremented or decremented 
synchronously on the low-to-high 
transition of the input clock. When 
the count-enable (CE) pin is high, 
no counting occurs and the count 
remains at its previous value. Each 
counter provides two pins for cas- 
cading devices. The terminal-count 
(TC) pin, which is low during count- 
ing, goes high for one clock cycle to 
indicate either an overflow or under- 
flow. You can use this output for 
look-ahead-carry operations in high- 
speed cascaded applications. When 
the TC pin goes high, it triggers the 
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ripple-clock (RC) pin, which goes 
low and remains so for the low-level 
portion of the clock pulse. This out- 
put is also suitable for look-ahead- 
carry operations. The counters’ per- 
formance and drive parameters 
match the parameters of bipolar 
Fast parts. The maximum propaga- 
tion delay from an input clock pulse 
to data output is 13.8 nsec for the 
AC models and 14.8 nsec for the 
ACT models. Both versions can sink 
and source 24-mA drive currents; 
the maximum clock frequency is 65 
MHz. An industrial-temperature- 
range counter in a 16-pin plastic 
DIP costs $3.05 (100). 

GE Solid State, Rte 202, Somer- 
ville, NJ 08876. Phone (201) 685- 
6562. 

INQUIRE DIRECT 


INTERFACE MODULE 


@ Implements two full-duplex RS- 
232C to RS-422A links 
@ Operates from one 5V supply 


Providing a direct interface be- 
tween RS-232C and RS-422A serial 
data links, the NM422AD pc-board- 
mounting interface module allows 
you to convert between RS-232C 
and RS-422A without the need for 
multirail power supplies or de/de 
converters. The module has suffi- 
cient drivers and receivers to pro- 
vide two full-duplex links. It oper- 
ates from a single 5V supply and 
typically consumes 300 mW of 
power. The NM422AD is housed in a 
DIP package with a 17x30-mm foot- 
print and a height of 9 mm; pins are 
on a 0.1-in. pitch with 0.5-in. pin- 
row spacing. It has an operating 
temperature range of 0 to 70°C. $18 
(1000). 

Newport Components Ltd, Tan- 
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ners Drive, Blakelands North, Mil- 
ton Keynes MK14 5NA, UK. Phone 
(0908) 615232. TLX 825621. 

Circle No 394 


TRANSCEIVER ICs 


e Support star and bus topologies 
e Interface between the LAN cable 
and the controller 


The XR-T82515/T82C516 StarLAN 
transceiver chip set performs all in- 
terface functions between the LAN 
cable and the LAN controller in 
accordance with IEEE specifica- 
tions. The chip set is compatible 
with the Intel 82586 and 82588 com- 
munication controllers. A proprie- 
tary on-chip adaptive hybrid pro- 
vides 100% collision detection by 
automatically adapting to the cable 
impedance and sense-level changes 
on the cable. The chip set features 
Manchester encoding/decoding, 
transmit waveshaping, a receive fil- 
ter, a carrier energy detector, and 
jabber-control functions. Using 
24-AWG twisted-pair cable, you can 
use the chip set with 1600-ft cable 
lengths (14 dB attenuation) in the 
bus configuration and 2400-ft cable 
lengths (20 dB attenuation) in the 
star configuration. The worst-case 
S/N ratio is 3 dB, which provides a 
bit-error rate of more than 10™*. Ina 
plastic DIP or a plastic LCC, $17.50 
(1000). 

Exar Corp, Box 49007, San Jose, 
CA 95161. Phone (408) 434-6400. 
TWX 910-339-9238. 

Circle No 395 


REGULATOR ICs 


@ Have separate regulator outputs 
for battery-backed circuitry 
@ Generate pP reset signals 


To simplify the design of systems 
that require battery backup of cer- 
tain circuitry, the SGS L4901, 
L4902, L4903, and L4904 voltage 
regulators have two separate 5V 
regulator outputs, one of which 
specifies a leakage current of less 


FREQUENCY 
SYNTHESIS - 


at your fingertips! 


STEL-9272 Digital Direct Synthesizer 
provides a signal in the 2 KHz to 130 MHz 
band with a 1.1 Hz resolution. (Uses the 
STEL-2172 NCO.) 


Features: 

* 28-bit frequency resolution, 300 MHz 
clock 

+ 37 dB signal resolution at all frequencies 
up to 130 MHz 

* Frequency changes as rapidly as every 
125 nsecs 

+ Input signal levels TTL compatible 

+ Operating Temp: -20°C to +70°C. 


The STEL-2172 ECL Numerically 
Controlled Oscillator generates sine waves 
at very precise frequencies at clock 
speeds of up to 300 MHz. 

Features: 28-bit frequency resolution, 
8-bit parallel sine output, 100K ECL 
outputs, TTL inputs. 


STANFORD 


TELECOMMUNICATIONS 
2421 Mission College Blvd. 

Santa Clara, CA 95054-1298 

Call or write to Patti Laakso 

(408) 980-5684 


Telex: 910-339-9531 
See us at WESCON, Booth 4118 
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than 1 A. This low-leakage regula- 
tor section also has a quiescent 
input current drain of only 0.6 mA, 
suiting it for operation with battery 
supplies. The second 5V output is 
suitable for driving circuitry that 
doesn’t require backup. The devices 
also generate a wP reset signal dur- 
ing power-up, after brief supply in- 
terruptions, or when the output to 
the battery-backed section of a cir- 
cuit falls below a safe value (4.9V 
typ). You can control the reset-peri- 
od timing with one external capaci- 
tor. The L4901 and L4902 are 
housed in 7-lead Heptawatt plastic 
packages; each provides a 5V/0.3A 
output for battery-backed circuitry 
and a 5V/0.4A output for other cir- 
cuitry. The L4901 has separate in- 
puts for the two regulator sections, 
whereas the L4902 has a common 
regulator input. The L4903’s and 
L4904’s outputs are rated at 
5V/0.1A; both devices have separate 
inputs to their two regulator sec- 
tions. They are housed in 8-pin mini- 
ature DIPs and have TTL/CMOS- 
compatible disable inputs that 
control the outputs not designed for 
battery-backed circuitry. All four 
models have input overvoltage pro- 
tection (to 60V) and output short- 
circuit and thermal-overload protec- 
tion. The price is around $3 (100). 
SGS Microelettronica SpA, Via 
C Olivetti 2, 20041 Agrate Brianza, 
Italy. Phone (039) 65551. TLX 
330131. 
Circle No 396 
SGS Semiconductor Corp, 1000 
E Bell Rd, Phoenix, AZ 85022. 
Phone (602) 867-6100. TLX 249976. 
Circle No 397 


CMOS MODULE 


@ System on a substrate 
® Suitable for process control or 
data acquisition 


The EDI6F87C31-8PC CMOS pPak 
is targeted for process-control or 
data-acquisition applications where 
space is at a premium. The CMOS 
hybrid contains an 80C31 microcon- 


troller, an 8kx8-bit static RAM, an 
8k X8-bit ultraviolet EPROM, and a 
proprietary logic-control unit. The 
epoxy-encapsulated, chip-on-board 
assembly yields a cost reduction of 
greater than 30% when compared to 
the price of the same device in a 
ceramic module. Device samples are 
available now; full production is 
scheduled for the first quarter of 
1988. $100 (100). 

Electronic Designs Inc, 42 South 
Street, Hopkinton, MA 01748. 
Phone (617) 435-2341. TLX 948004. 

Circle No 398 


STATIC RAMs 


© Features TTL inputs and out- 
puts 

® Provides maximum address 
times of 20, 25, and 35 nsec 


These two BiCMOS static RAMs, 
the SSM2148 and SSM2149 1kx4- 
bit devices, are available with maxi- 
mum address times of 20, 25, and 35 
nsec. They are replacements for Cy- 
press’s CY7C148 and CY7C149 and 
other equivalent parts, and are de- 
signed for use as high-speed cache 
buffers in minicomputers and 
graphics workstations. The devices 
have TTL inputs and outputs, and 
they are enclosed in 18-pin ceramic 
DIPs. Both parts have an operating 
power of 250 mW. The SSM2148 has 
an automatic power-down feature 
and draws 50-mW standby; the 
5SM2149 has a power-down mode 
that dissipates 110 mW when 
deselected. $8.55 to $11.95 (100). 
Saratoga Semiconductor, 10500 
Ridgeview Ct, Cupertino, CA 
95014. Phone (408) 973-0945. 
Circle No 399 
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Score the MS-DOS-Compatible 
System On a Chip from NEC 


Now you Can score on your next 
round of systems designs and parlay 
your MS-DOS investment. Simply 
use our CMOS V25™ Whole in 

One™ — the new 16-bit microcom- 
puter on a chip from NEC. 


It lets you tee off with features 
like a 16-bit ALU, two full-duplex 
UARTs, true STOP and HALT modes, 
and a whole lot more. 


The result is a master perfor- 
mance with a two-cycle data bus 
(250 ns minimum information 
transfer time) and ultra-high- 
speed interrupt service (typically 
5 US). 

Keeping score? In direct match 
play, EDN and Byte benchmark 
tests show the V25 clearly higher 
in performance. 
MS-DOS is a trademark of Microsoft Corporation. 


Whole In One and V25 are trademarks of NEC 
Electronics Inc. 


distributor shelves 


| Check out the V25’s re 
Full support, for one. It’s here now 


Really Learn the Score 
ey eae 


with hardware and software tools 
including EPROM/OTP parts. And 
you're supported by regional design 
centers with an increasing number 
of application engineers. 


Stand-alone ICE and PC-based mini-ICE 
use our relocatable assembler and 

C compiler to provide powerful develop- 
ment capability for system designers. 


for immediate delivery 
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Production is another winning 
shot. The V25 is in full production 
in multiple fabs with high yields 
allowing very competitive pricing. 
Now add NEC’s traditional high 
quality and leadership in CMOS 
manufacturing for a par-beating 
system on a chip. 


For complete technical documen- 
tation and the number of your 
local Distributor Pro Shop, call 
1-800-632-3531. In California, 
call 1-800-632-3532 and score 
your own Whole In One: the V25 
from NEC. 
©Copyright 1987 by NEC Electronics Inc. 


NEC Electronics Inc. 


401 Ellis Street, RO. Box 7241 
Mountain View, CA 94039 


FFI-TESTED 
12-16 BIT 


SAMPLING 
A/D’ 


MIL-STD-1772 CERTIFIED 
MN6000 Series 


Single Package Sampling A/D's” 
User Transparent T/H Amplifiers 
Frequency Domain (FFT) Testing 
High Sampling Rates/Resolution: 
MN6290/6291: 20kHz 16 Bits 
MN6231/6232: SOkHz 12 Bits 
MN6227/6228: 33kHz 12 Bits 
MIL-STD-883 Screening 


For you, we ve expanded our line of FFT- 
tested, high-speed, sampling A/D converters 
with two new 16-bit models: MN6290 and 
MN6291. Like our entire MN6000 Series, these 
new devices mate a track-and-hold amplifier 
(T/H) with a high-speed, high-resolution, 

A/D converter in a single DIP package. The 
T/H is completely transparent, eliminating 
the hassle of evaluating T/H specs that are 
difficult to understand and often don't relate. 


All MN6000 devices accurately sample and 
digitize dynamic input signals with frequency 
components up to the Nyquist frequency 
(one-half the sampling rate). They are ideal 
for radar, sonar, spectrum and vibration 
analysis, voice and signature recognition, 
and other contemporary DSP applications. 
All come with full frequency-domain perfor- 
mance specitications, which are critical to 
designing for these applications. 
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Micro Networks was the first to apply FFT 
testing to A/D converters. We recognized 
that this would be the key to specifying 

A/D's for emerging DSP applications. In our 
frequency-domain testing, sampling A/D's 
operate in a manner that simulates a digital 
spectrum analyzer with a known low- 
distortion input signal. The output spectra 
yield precise, practical measurements of 
signal level, noise level, signal-to-noise ratio, 
harmonic distortion, and input bandwidth, 
giving you the periormance specifications 
you need to design to your application. Our 
testing clearly demonstrates the ability of 
our MN6000 Series devices to maintain near- 
ideal signal-to-noise ratios independent of 
increasing analog input frequencies. 
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0 Hz 10.25kHz 
Input Frequency 


MN6231/6232 
OdB 


pas adavimereuieos Input Frequency: 28.7kHZ  -.--------e 

—20dB; Sampling Rate: 58.8kHz 
RMS Signal: —0.34dB 
RMS Noise: —72.89dB °° 


MO accesories SIN: 72.540QB  wvvesecsreesesee fh 
Signal aaa 
Amplitude 60dB oe bodbjaauelenackeving a Ga tdsved ete taabacgneisdvecenesenssaabenadesacse sees esepedeseeniasess torres 2s2 
Relative to Uesecduceocdewenaseeaeansetecasdldleteeses ca ceassingdectiensewesasascientterserseessererrerresnsests 
Full Scale _ g0aB 
— 100dB 
— 120dB 
— 140dB 
0 Hz 29.41kHz 


Input Frequency 


Part 
Number 


Ultra Low Sampling 
Distortion A/D Buffer 


Computer 
Oscillator Converter Memory 


Crystal 


Frequency-Domain Testing 
of A/D Converters 


All MN6000 Series devices are packaged 

in standard ceramic DIP’s and are available 
fully specified for — 59°C to + 125°C with 
MIL-STD-883 screening. 12-bit models contain 
full 8 or 16-bit wP interfaces. Select the device 
that best meets your design requiremenis. 


Minimum Minimum 
Input Sampling Input Bandwidth SNR 
Range Rate (Note 1) (Note 2) Harmonics 


12-Bit Resolution 


16.5kHz 
16.5kHz 
25kHz 
-25kHZ 


16-Bit Resolution 
MN6290 10V 20kHz 10kHz 84dB — 88dB 
MN6291 20V 20kHz 10kHz 84dB — 88dB 
1. Input bandwidth for which SNR and harmonic specs are guaranteed when sampling at the 


minimum guaranteed rate. 
2. Signal-to-noise ratio (r.m.s. to r.m.s.) with full-scale (OdB) input. 


MN6227 
MN6228 
MN6231 
MN6232 


For detailed information on MN6290/629! 

or other high-speed sampling A/D’s in our 
expanding line, send for our comprehensive 
data sheets. For rapid response, call Russ 


Mullet at Ext. 208. 


Micro Networks 

324 Clark Street 

Worcester, Massachusetts 01606 
(617) 852-5400 


Micro Networks 
Advancing Data Conversion 
Technology 


A DIVISION OF UNET 


17] Micro Networks 


Regional Sales Offices: Worcester, MA (617) 852-5400; Dallas, TX (214) 231-1340; Santa Ana, CA (714) 261-5044. 


CIRCLE NO 262 


EDN November 12, 1987 


301 


SOMETIMES, THE ACID TEST OF OUR 
MICROPROCESSOR DEVELOPMENT TOOLS 


IS UP IN THE AIR. 


Two miles up, in the belly of a U2 jet, the US. 
Government is now tracking acid rain and radio- 
active particles with a just-developed device called 
an Upper Air Sampler. 

But months earlier, with expensive develop- 
ment hardware on the blink, timely completion of 
the project was in real jeopardy 

Luckily, Avocet was called to the rescue. And 
within 48 hours we came through. With “the best 
software development tools” their design engineer 
had ever seen. 

Not to mention, down-to-earth prices. 

Let Avocet turn your PC or VAX into a 
powerful, integrated development system in 
48 hours, even overnight. 

Avocet can help you turn more good ideas into 
more real products in less time. 

Just call us now and we'll get you up and 
running—with everything you need to turn 
your computer into a personal, professional 
development system. 

All at a modest price. From a single source. 
Backed by the reassurance of a technical hotline. 
So friendly, knowledgeable support is always as 
close as your phone. 

No wonder design engineers with no time 
to spare come to us first—and keep coming 
back smiling. 

Any similarity to Intel, Hitachi or Motorola 
is purely intentional. 

Avocet’s professional quality AVMAC™ assem- 


blers run on any PC-compatible with DOS or Xenix. 
And on VAX Unix. Just released, AVMAC Version 2.0 

has major speed improvements to assure you 

lightning-fast assembly. Plus, enhanced compatibil- 
ity with Intel, Hitachi, Motorola & other chip makers 

—so you can convert existing code more easily 

than ever before. 

Each AVMAC package comes complete with our 
AVLINK™ linker, AVLIB™ librarian, AVREF™ 
cross-reference generator and new 200+ page 
AVMAC User's Guide—all the assembly tools you 
want and need. 

After assembly, check your program with 
AVSIM"—widely acclaimed as the best simulator/ 
debugger in the industry. AVSIM tests target uP code 
right on your PC—with no special hardware. It's 
crashproof. And what you see is what you get: 
AVSIM'’s full-screen display gives you instant visual 
access to the entire CPU—registers, memory, I/O 
ports, even attached peripheral chips. 


SYSTEMS, INC? 
THE SOURCE FOR PERSONAL pP DEVELOPMENT TOOLS. 
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Target Microprocessor 
Families Supported 


68000/68010 
68020 
8048/8041 
8051/8052 TMS-32010 
8085 TMS-32020 
8096 Z8 
F8/3870 Z80 


Host Operating Systems 
CP/M DOS PC Xenix 


AVMAC Macro Assemblers 
AVSIM Simulator/Debuggers 
Other Development Tools 


CALL TOLL-FREE 
800-448-8500* 


1802/1805 
6502/65C02 
6801/6301 
6804 
6805/6305 
6809 
68HCll 


COP400 
HD64180 
NEC 7500 


VAX Unix 


to order or receive our latest catalog of 
microprocessor development tools 


Try before you buy. 

Order your AVMAC assembler and AVSIM 
simulator/debugger today and we'll include a special 
demo kit for both. Try the demo for 30 days. If you're 
not satisfied for any reason, return the unopened 
products for a full refund, less the $35 demo/ 
documentation kit which is yours to keep 

Avocet Systems. We help you get your job done, 
on time and on budget. 


Avocet Systems, Inc., 120 Union Street 
PO. Box 490BK, Rockport, Maine 04856 


*Outside US and in ME, call (207) 236-9055 


TLX: 467210 AVOCET CI FAX: (207) 236-6713 


Avocet delivers all the tools you need—in 48 hours or less. 
Ask about our AVPROM™ and AVPAL™ programmers. And our 
NEW 8051 in-circuit emulator, development boards, AVPAS 51™ 
cross-compiler—and AVKIT.™ the total Unix toolbox for DOS, 
including the incomparable VI editor. 
= 1987 Avocet sargepe ten a reserved. VAX o 4 trademark of DEC. 
CP/M is a trademark of Digital Research. | | 
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CHINON: Scanning the future. 


Chinon’s design engineers have a serious 
commitment to produce the most technologically 
advanced products that the mind of man can 
Imagine. 

That commitment has created subsystems, 
peripherals and components that could change the 
way we think about computers—and change the 
way computers are used. 

The Scanner and the CD-ROM units 
pictured here are the types of products that 
continually move the leading edge forward. The 
Scanner could change the way business works by 
making true OCR technology more affordable and 
easier to use than ever before. The unique scanning 
head design means that the document to be 
scanned remains fixed, unlike other scanners that 
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can only accept a single sheet fed through the unit. 
It is also extremely compact and lightweight, and is 
designed to set new standards of cost-effectiveness. 

CD-ROMS can provide users with access to 
databases that, only a few years ago, were possible 
only with a mainframe system. 

Technology is still moving as fast as the best 
minds can advance it. At Chinon, our commitment 
to that progress keeps our products at the very 
forefront of the leading edge. We’re bringing the 
future of computing to the needs of today. 


Chinon America, Inc., 6374 Arizona Circle 
Los Angeles, CA 90045 (213) 216-7611 FAX: (213) 216-7646 
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When it comes to depth, diversity, and a proven winning record, no other line of y 
circuit breakers can compare with ours. The Airpax team is your source for fast 
response and reliable performance in your choice of more styles, configurations 

and ratings to meet your specific needs. 

We've been tackling the toughest applications for more than thirty 

years. Chalking up milestone victories such as twenty years of unin- 


terrupted MIL-C-39019 approval in 
D f= Be - ne te, iV a Li “ Type AP electromagnetic circuit break- 
ers. Blitzing international markets 
with the VDE-approved and rail-mount magnetic circuit breakers. Continually striv- 
RR 2 ee a ing through innovation to keep you, the Airpax customer, at the forefront of circuit 
breaker technology. 
Draft the best defensive players into your design. Contact Airpax Corporation, 
G AM a Cambridge Division, Woods Road, Cambridge, MD 21613. (801) 228-4600. Telex: 
HM 6849138, Fax: (301) 228-8910. A North American Philips Company. 


See us at WESCON, Booth #’s 1537-1545 


SIMPLY 


AIRPAX 


CAMBRIDGE DIVISION 
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SIGNETICS NATIONAL MMI | AMD Tl CYPRESS 
20, 24,28 PINIFLS 20, 24 PIN PLDS 20, 24 PIN PLDS 20,24 PINPLDS — 20, 24 PIN PLDS 20, 24 PIN PLDS- 
_  PLS100-179 =| = A,B VERSIONS ~=,_-C22V10, 32VX10 2388, 22V10 | B,C VERSIONS | 20610, 22V10 
5A, B, C, D VERSIONS , 2974, 29PL144 EPLD, PLD 
' ICT/GOULD VTi | HARRIS ALTERA j INTEL RICOH 
18CV8 16V8, 20V8 20 PIN CMOS HPLS £P300, 310, 320,600, 5C031,032,060 20 PIN EPLD 
EEPLD EEPLDS. 77153 HPL EP900, 1210, 1800 | 5C090, 121, 180 
DIP, PLCC EPLD DIP, PLCC EPLD 
LOGILINK SOFTPACK FUTURE OVER 200  #§$fpPRELOAD RS-232C 
FOR PC EASY REPLACEABLE —- DEVICES AND PLDS WITHOUT AND | REMOTE 
REMOTE CONTROL | PLUG-IN FIRMWARE | TECHNOLOGIES i ADAPTER TEST VECTORS CONTROL 
SUPPORTS JEDEC FORMAT ON BOARD ONBOARD — SECURITY FUSE 
2010 68PIN  — — SUPPORT DEVICE LIBRARY HELP | SUPPORT 
PLCC PACKAGES FUNCTION i 


usa: DIGELEC INC., 1602 LAWRENCE AVENUE, OCEAN, NEW JERSEY 07742, TEL (201) 493-2420 For direct ordering call toll free 1-800-367-8750 
EUROPE: DIGELEC AG DORFLISTRASSE 14, CH-8057 ZURICH, SWITZERLAND, TEL 01-312 46 22 “U.S. Domestic Price 
For Demonstration Circle 150 See us at WESCON, Booths 2656- 2658 (Moscone Center) ‘For Information Circle 111 
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COMPONENT TESTER 


® Tests digital and linear IC's 
® Has 16-bit ADC and an rms-to- 
dc converter 


The SZ-M3000 benchtop tester is 
used mainly for incoming inspection 
and tests digital and linear ICs. It 
can supply 600V or 50A to the de- 
vice under test and can test SSI/ 
MSI logic devices (CMOS and TTL), 
op amps, A/D and D/A converters, 
diodes, transistors, SCRs, triacs, 
optoisolators, resistors, inductors, 
capacitors, and passive-component 
networks. An HP310 68010-based 
workstation with a 14-in. graphics 
display, an ink-jet printer, 2M bytes 
of RAM, a 710k-byte floppy-disk 
drive, a 20M-byte hard-disk drive, 
an RS-232C port, and an [IEEE-488 
port provides control, programmer 


and operator interface, and report 
generation. You can program the 
test limits for many devices using 
menus; a Pascal-based language al- 
lows you to write programs for 
other parts. A 12-way multiplexer 
enables you to rapidly switch the 
16-bit voltmeter from device pin to 
device pin; an S/H amplifier allows 


the voltmeter to accurately digitize 
time-varying signals. In addition to 
the meter, standard instrumenta- 
tion includes a low-current I-to-V 
converter for leakage measure- 
ments; nine programmable voltage 
sources; three fixed-voltage sources; 
a bidirectional current source; a 16- 
bit-resolution time-measurement 
unit; a pattern generator; a pro- 
grammable sine-wave generator; a 
ramp generator; a 32-bit serial-to- 
parallel converter; 16 digital I/O 
lines; a voltage standard; and an 
automatic calibration unit. You can 
add automatic device handlers and a 
crosspoint matrix. $75,000. Deliv- 
ery, 90 days ARO. 

SemiTech International, 100 
Fifth St, Boston, MA 02129. Phone 
(617) 242-5222. TWX 650-291-1632. 
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Where to find almost any 
test environment on Eartn. 


Plus a few that aren't. 


All at one location. 
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Lockheed’s Environmental ‘Test Laboratory 
provides complete environmental, electromag- 
netic interference/compatibility and stress 

screening services on a 24-hour-per-day basis. 


We have 26 years’ experience testing all 
types of equipment under carefully controlled 
laboratory conditions. Whether your specifica- 


= Lockheed Electronics 


may seem. 


tions are military or commercial, were fully 
equipped to handle your climatic/atmospheric 
simulation, structural, enclosure or noise 
testing, and much more. 

Call Jack Glavine at (201) 757-1600 
Extension 2267 or 2227 with your equipment 
test specifications. However impossible they 
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PORT ANALYZER 


© Automatically identifies RS- 
232C port to be tested 

© /ndicates data rate, format, 
start/stop control mode 


You can use the 2-lb, 6x9X2-in., 
68000-based CAT-32 communica- 
tions analysis terminal in a stand- 
alone mode or with a terminal you 


About Compliance? 


Call MET 
1-800-638-6057 


Depend on the testing experts for complete compliance. 
MET offers you all your testing needs in one location to assure 
completion of your project on schedule. Our engineers work 


with you from initial desi 
fications to final certifica 


Civic 


gn review through testing and modi- 


MET ELECTRICAL TESTING COMPANY, INC. 


916 W. Patapsco Ave. « Baltimore, MD 21230 (301) 354-2000 - FAX (301) 354-1624 


WORLDWIDE 
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provide. After you connect it to a 
port to be tested and push a single 
button, the analyzer automatically 
sequences through all the normal 
RS-232C conditions that can make 
the port echo received data; it then 
identifies data rate, data bits/char- 
acter, parity (even, odd or none), 
number of stop bits, and type of 
handshake. The unit also indicates 
X-On and X-Off conditions, whether 
the DCD (data carrier detect) line is 
used, and the activity on the TXD 
(transmitted data) and RXD (re- 
ceived data) lines. While testing, it 
dynamically interchanges TXD- and 
RXD-line function. You can use a 
menu-driven manual mode to gain 
tighter control over the analysis 
process—for example, when the 
protocol uses nonstandard charac- 
ters for X-On or X-Off. For interac- 
tive debugging, the unit gives you 
access to a firmware-resident moni- 
tor that provides single-step execu- 
tion and breakpointing. $1495. De- 
livery, 90 days ARO. 

ECC, ATE Instruments Div, 
4650 Cedar Ridge Pl, Oceanside, CA 
92056. Phone (619) 434-2026. 
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ANALYZER/SCOPE 


© lnsplays waveform and spec- 
trum simultaneously 

@ Uses IBM PC, PC/XT, PC/AT 
or compatible computer 


The R370 is a combination spectrum 
analyzer/digital oscilloscope. It 
works with an MS-DOS-based IBM 
PC, PC/XT, PC/AT, ora compatible 
computer having 5%-in. disk drives, 
at least 512k bytes of RAM, CGA 
(color graphics adapter) graphics, 
and a CGA-compatible color or mon- 
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GE Plastics 


Craftsmanship For The Future 


Product Craftsmanship. 


The craftsmanship of the future. Humanizing technology. 
Meeting marketplace expectations for singular performance, 
durability and beauty, but efficiently mass-produced. 


It begins with GE engineering plastics. Dynamic technologies. 
Breadth, depth, proven. Enhanced and accelerated by 
Integrated Computer-Aided Design, Engineering, Manufac- 
turing (ICADEM™). Advanced process development. 


All the materials and tools of innovative product craftsmanship. 
An aggressive commitment of art and science—only from GE. 


For details on the unique 
_ materials and tools at 
your disposal, request 
our free ICADEM 
Brochure today: 


. 7" (800) 845-0600. 
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ochrome monitor. It enables your 
computer to act as both a spectrum 
analyzer and a digital scope capable 
of simultaneously sampling two 
channels at a rate of 20M samples/ 
sec. Using this device, you can dis- 
play a waveform on the same screen 
as its spectrum in real time. The 
unit offers selectable 500 or 1 MOQ 
input impedance, sensitivity adjust- 


SUPER 


Desktop Publishing 
CAD/CAMICAE and Graphics 
Medical Imaging/Diagnostics 


HIGH RESOLUTION 


Dotronix Engineers work Closely with you 
to design products 
that meet your exacting requirements. 


Monochrome Displays from 3” to 25” 
Color Displays from 10” to 19” 
Fixed- and Multi-Frequency 


Applications include: 


Industrial Process Control 
Test and Measurement Instruments 
Closed Circuit TV Security Systems 


Includes the full product line of Video Monitors, Incorporated, 
a Subsidiary of Dotronix, Inc. 


able from 1 mV to 50V/div, automat- 
ic calibration, an internal or exter- 
nal trigger, pretriggering and 
post-triggering, a 64k-byte buffer 
for each channel (128k bytes option- 
al), manual or automatic disk stor- 
age and retrieval of acquired data, 
and X-Y display capability. The 
spectrum analyzer handles frequen- 
cies of 10 MHz and below, executes a 


DISPLAYS 


Bank/Brokerage Terminals 
Airline Flight Information 
Government/Military 


1024-point FFT in 60 msec, allows 
you to average as many as 64 spec- 
tra, performs post-averaging on 
data streams as long as 64k bytes, 
and displays data with either linear 
or log scaling. $4495. 

Rapid Systems Inc, 433 N 34th 
St, Seattle, WA 98013. Phone (206) 
047-8311. TLX 265017. 
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ROM EMULATOR 


@ Modifies ROM code during 
debug while power is on 
© Emulates one to eight ROMs 


The Romulator in-circuit ROM emu- 
lator measures 5.08X5.25X1.5 in. It 
receives power from a 5V supply in 
your system and connects to the 
target-ROM sockets via DIP cables; 
another cable connects it to a host- 
computer RS-232C port. During 
debug, you can modify ROM code 
without turning off your system. 
The emulator comes with software 
for downloading data from the host. 
Models are available in 256k- and 
512k-bit sizes. Both emulate low- 
capacity 24- and 28-pin parts. The 
units can be configured to emulate 
one or two ROMs, and you can inter- 


connect multiple units to emulate 
larger ROM arrays. Where multiple 
ROMs in a system contain identical 
data, you can load their emulators 
simultaneously. An optional nonvol- 
atility feature preserves data in the 
simulated ROMs when power is shut 
down. $400 to $1100. 

Grammar Engine Ine, 1021 Tip- 
ton Ct, Westerville, OH 43081. 
Phone (614) 882-6366. 
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Cutler-Hammer’ switches deliver 5 amp 
performance at a 3 amp price. 


Conservatively rated at 5 amps, Cutler-Hammer® switch is backed by extensive R&D and sup- 
illuminated pushbuttons deliver long-life ported by a solid, service-oriented sales and 
dependability—even longer in a 2 or 3 amp - distributor network. 

load application. Switches can be PC board- 
mounted or panel mounted with 

unique clips which snap snugly 


into a wide range of panel Corporation, Aerospace & 

MCh eeees a py eg 2» Commercial Controls Division, 
Plus, each switch is UL recognized, — an 4201 N. 27th St., Milwaukee, WI 
CSA certified and most meet VDE rae a & 53216. Or call 414-449-7487. 
requirements. What’s more, every . 


For more information, contact your Cutler- 
Hammer Sales Office or Distributor. Or 
send for our complete catalog. Eaton 


Aerospace, Commercial, Miniature, 
Illuminated Switches and Relays. CIRCLE NO 256 
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Choosing the right fan for your appii- 
Cation is easy. Mee va — 
PAPST. Simply because PAPST offers 
the broadest line of AC and DC 
tubeaxial fans in the world. 


We also offer you some of the newest 
and most innovative. Like our new 
48-volt DC MULTIFAN. our new sieeve 
bearing 80mm DC MULTIFAN. 6-inch 
DC fans with speed sensing or alarm 
circuitry. and our latest 25mm SLIM 
LINE series of AC fans, 

Ail PAPST fans are designed to deliver 
high reliability. low noise. and low 
power consumption. They al! feature 
the PAPST concept of Mechatronics 
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one ofthe largest saie nical 
support organizations ae country. 


< 


Tovernent. Anc theyre al hacked by 
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So if you dont want to waste a jot of 
time finding the ae fan, spend a 

nttie time and ca: or write for our free 
Catalog. It wil help you find the fan yo 
need. Fast. 


PAPST MECHATRONI 
a 


C CORPORATION 
Aau:cnece Industria: Park, 
Newpor: RIQ2840 401 649-8876 
Telex 952092 1-809-557-6245 
(Continenta: USA exceot for MA. 
1-800-262-5226 IMA oniy: 


‘There's a quiet revolution in cooling. 


_ And PAPST is the leader. 


PAMOTOR 


See us at WESCON. Booths 1832 & 1834 
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terface on units equipped with it. 
The commands are a superset of the 
earlier vocabulary, so software that 
operates older generators will con- 
tinue to work after the retrofit. The 
retrofit replaces the existing power 
supply with one that operates from 
50 to 400 Hz, substitutes redesigned 
attenuators in the RF plug-ins, and 
provides a new timebase equivalent 


SCSI TESTER 


© Supports device-specific com- 
mands 

e Permits evaluation of as many 
as seven DUTs 


The Model 512 SCSI tester runs on 
an 8-MHz 80186 pP, 1M byte of 
RAM, and menu-driven, MS-DOS- 
based software. It allows you to 
send single commands or groups of 
commands to the device under test 
(DUT). You need no knowledge of 
programming languages to set up 
test sequences and to store them on 
a floppy disk in the tester’s disk 
drive. The software supports the 
connection of aS many as seven 
DUTs and their testing in a user- 
defined sequence. The unit requires 
a user-supplied alphanumeric termi- 
nal for operation and can provide as 
much as 45W de to power the DUT. 
$2995. 

AVA Instrumentation Inc, 8010 
Highway 9, Ben Lomond, CA 95005. 
Phone (408) 336-2281. TWX 510- 
100-7906. 
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GENERATOR UPGRADE 


@ Supplies redesigned front panel 
@ Adds more IEEE-488 program- 
ming commands 


The HP 86606A retrofit program 
upgrades the HP 8660D synthesized 
signal generator with new front- 
panel and programming functions. 
The IEEE-488 interface, previously 
an option, is standard on the up- 
graded version. The retrofit adds 
this interface to units that lack it 
and replaces the older optional in- IBM PC. XT and AT are trademarks of International Business Machines Corp. 
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The new HP PaintJet color graphics printer. 
Great color is only ¥2 the story. 


HEWLETT 
PACKARD 


ip 
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to the former optional high-stability 
timebase. Retrofit, $7500; new gen- 
erator, $14,000; plug-ins $700 to 
$9900. Delivery, six weeks ARO. 
Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94303. 
Phone local office. 
Circle No 405 


80286 TEST POD 


© Interfaces with pin-grid-array 
and LCC sockets 

@ Adapter clips onto soldered-in 
LCCs 


The 80286 interface pod works with 
the vendor’s 9000 Series microsys- 
tem troubleshooter and 9100A digit- 
al test system. You can use it to 
write data to or read data from any 
location that the wP can address. 
The pod is clocked by the UUT (unit 
under test) clock signal; you can 
supply clocks at frequencies from 4 
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to 25 MHz without adding wait 
states. You can set hardware break- 
points as an optional means of termi- 
nating a Run UUT operation, and 
8k bytes of overlay RAM can re- 
place the UUT memory. Six quick- 
test modes are built-in, as are pro- 
tection against improper voltages on 
the UUT pins and self tests to veri- 
fy pod operation and UUT-cable 
continuity. $2995. Delivery, eight 
weeks ARO. 


John Fluke Mfg Co Inc, Box 
C9090, Everett, WA 98206. Phone 
(800) 426-0361; in WA, (206) 347- 
6100. TWX 910-445-2943. TLX 
185102. 
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LOGIC ANALYZER 


@ Plugs into IBM PC I/O bus 
@ Handles 24 50-MHz TTL signals 


The PC-29 logic analyzer is a half- 
sized I/O card for the IBM PC, 
PC/XT, PC/AT, and 100%-compati- 
ble computers equipped with CGA 
(color graphics adapter), EGA (en- 
hanced graphics adapter) or. Hercu- 
les display adapters and at least 
256k bytes of RAM. Minijack- 
equipped input cables plug directly 
into the rear of the card with no 
external pod; they can be discon- 
nected without opening up the com- 
puter. With the card installed, the 
computer can function as a 24-chan- 
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It can also print a page of text 


in 30 seconds flat. 
G HEWLETT 


PACKARD 
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nel logic analyzer with 1k samples of 
memory for each channel. If you 
need only six channels, you can con- 
figure the analyzer to store 4k sam- 
ples/channel. You can set the inter- 
nal clock to any of eight frequencies 
from 25 kHz to 50 MHz, or you can 
supply an external clock at a fre- 
quency as high as 25 MHz and trig- 
ger on the rising or falling edge. You 
can begin the data display from 64 
to 960 clock periods before or after 
the trigger point. $749. 

El Toro Systems, 23702-B Birt- 
cher Dr, El Toro, CA 92630. Phone 
(7 _ 770-1474. TWX 910-240-7216. 
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DMMs 


@ Provide a full range of 4000 
counts 
e Include an analog peak-hold fa- 
cility 

Ruggedized to withstand field-serv- 
ice use, the MX40 Series handheld 
autoranging DMMs_ withstand 
shock and vibration to MIL-T- 
28800C levels. Several models have 
sealed cases that are waterproof to 
MIL-T-28800A requirements. They 
feature a full range count of 4000, 
allowing you to measure, for exam- 
ple, 400 to 0.1V resolution. Auto- 
ranging or manual ranging is 
provided for de-voltage, ac-voltage, 
and resistance measurement. Auto- 
ranging on the dce- or ac-voltage 
function extends down to the 
400-mV range. In addition, an ana- 
log peak-hold facility provides peak- 
hold acquisition time of 5 msec typ. 
Current measurement ranges for ac 
or de current extend from 400 pA to 


10A and are fully protected on all: 
ranges. Typical voltage drop in the 
meter for current measurement is 
500 mV. Basic de accuracy ranges 
from 0.7 to 0.1% depending on the 
model. The top-of-the-line model— 
the MX47—includes rms measure- 
ment on ac voltage and current, and 
ac or ac and de coupling. You can 
also use the MX47 with K-type ther- 
mocouples to provide a direct read- 
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out of temperatures as high: as 
400°C. All models conform to 
IEC348 class 2 safety standards and 
have input leads that you can lock 
into the instrument. £89 to £179. 
ITT Instruments, 346 Edinburgh 
Ave, Slough, Berkshire SL1 4TU, 
UK. Phone (07538) 824131. TLX 
849808. 
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TRANSIENT RECORDER 


© Has dual-tumebase 
© Accepts a variety of plug-ins 


The ADA1000 is a portable, 2- to 
12-channel transient-waveform re- 
corder. The dual-timebase instru- 
ment’s mainframe accepts a variety 
of plug-in sampling modules. The 
fastest module records at 20M sam- 
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ples/see with 10-bit resolution; the 
slowest provides 12-bit resolution. 
Each has a 64k-sample memory. You 
can chain or partition all of the mod- 
ules’ memories to achieve record 
sizes ranging from 512 samples to 


0.75 megasamples. The instru- 
ment’s plug-ins have programmable 
input amplifiers and can operate 
under software control. The instru- 
ment comes with RS-232C and 
IEEE-488 interfaces. It has direct 
outputs for X/Y plotters and matrix 
printers. $13,275. Delivery, 30 to 60 
days ARO. 

Soltec Corp, Sol Vista Park, San 
Fernando, CA 91340. Phone (800) 
423-2344; in CA, (818) 365-0800. 
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INDUCTOR CHECKER 


@® Measures chokes, coils, and 
transformers 

@ Broad range of voltage, current, 
and frequency stimuli 


The 3240 analyzes chokes, coils, and 
transformers. It measures L, C, R, 
D, Q, Z, de-resistance, phase-angle, 
and transformer-turns ratio. It gen- 
erates excitation signals ranging in 
frequency from 20 Hz to 300 kHz, 
and it applies constant-voltage stim- 
uli ranging from 10 mV to 5V rms or 
constant-current from 1 to 100 mA 
rms. DC-bias currents from 1 mA to 
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E CAN SHAPE YOUR FUTURE 


We are the leading CMOS 
specialist in Europe, with 
advanced CMOS processes in 
1.6, 1.2 and 0.8 microns and 
with VLSI production 
experience in fast SRAM, 
microcontrollers. and 
telecommunication circuits. 

; _ The high performance of our 
ASIC CMOS technology, the 
dedicated support of our 
engineering and design teams 

_in our international centres, 

ility of our 5 inch - 

- manufacturing centre and our 

Den AQAP 1* qualification, all 

Me We demonstrate that we have the 

a ‘« IC product expertise to match 

é the demands of your own 

$ application. 


OPEN ASIC pe 

We have been in the ASICs market for over three 1981 first to adopt CMOS technology. An 

Hs bot. se we have completed over = 1983: first with 16K CMOS SRAM. Mh lll 
specitic designs for the space and military, 1985: first with CMOS 2 microns 2 metal layers gate aa 

industrial, telecommunications, and data processing arrays. me ie heart e ne 14 

markets. 1986 ; © first with CMOS 80C51/80C52 8 bits ur target Is the world. 

Open ASIC is our working philosophy, which is applied microcontrollers. 


to every aspect of your applications. © one of the first VLSI design and production —"gy5¢'Srauemtin- 2840-100 Son Toros Exnreesway 
centres to be AQAP 1* approved in Europe. en-Welines Cedex Santa Clara CA 95051 


if : ; Fr S 
1987 : first with 4K CMOS SRAM 1.2. microns and france, USA 408/986-9000 


soon first with a CMOS process at 0.8. micron. 
(*) AQAP 1: allied quality assurance publication level 1. 


Italy, Milano 2.4984586 © Sweden, Stockholm 08-7348390 © UK, London 344-485757 © Germany, Munchen 89-31900550 @ Far East, 
Hong Kong 5-8327993. 
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1A are also available. The instru- 
ment’s overall accuracy is 0.1%. It 
accepts 4-wire measurement set- 
ups, and it stores lead-nulling cor- 
rection factors in nonvolatile memo- 
ry. $8400. 

Wayne Kerr Inc, 600 W Cum- 
mings Park, Woburn, MA 01801. 
Phone (617) 938-8390. TLX 6817257. 
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ANALOG MATRIX 


® Coax, low-voltage, and high- 
voltage switches 

© Hxpands to 4096 2-pole cross- 
points: 


The Mesa Series matrix expansion 
systems handle voltages from 1 pV 
to 1 kV, 2A currents, and RF sig- 
nals at frequencies as high as 100 
MHz. The system consists of a 3%- 
in. rack-mountable control main- 
frame and as many as 32 3%-in. 
rack-mountable expansion chassis, 


SUNX 


each accommodating from one to 16 
plug-in cards; each card contains 
elght 2-pole crosspoints for a maxi- 
mum of 4096 crosspoints. The cross- 
points can be a mixture of coax, 
low-voltage and high-voltage types. 
The control options include an RS- 
232C, an IEEE-488, or a 16-bit- 
parallel bus. Configured with 
IEEE-488 and 128 double-pole low- 
level channels, $3200. 

Cytec Corp, 2555 Baird Rd, Pen- 
field, NY 14526. Phone (716) 381- 
4740. 
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LATEST IN FIBER OPTICS 


NEW! 


RECEIVER/CLOCK 


@ Receives timing sync from Nav- 
star satellite system 

@ Time codes traceable to UTC/ 
USNO within +200 nsec 


The GPS-DC synchronized clock re- 
celves signals transmitted by any 
satellite in the Navstar GPS (global 
positioning system), which will be 
fully operational in the early 1990s. 
The clock generates 1-, 5-, and 
10-MHz square waves, IRIG-B time 
codes, and a 1-Hz reference pulse. 
You can use an alternate time refer- 
ence when the Navstar satellites are 
not in view. The unit includes an 
RS-232C interface. It can be pow- 


_* Short circuit protected — 


For detecting high speed traveling objects 
FX-A3R 1 ms response time 
FX2-A3R 0.015 ms response time 
23 types of fiber optic cable attachments available, 
starting at $6.00. 
Try one! 30 day free trial. Write for brochure. 


Ramco Electric Co. 
1207 Maple Street 

West Des Moines, Ia 50265 
(515) 225-6933 
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© Output regulated 
* Output isolated 

_* Low output ripple 
ASSEN Ra 


DE FOUND ELECTRONIC CORP. 
No. 1, Lane 70, Chung Hsiao E. Rd., Sec. 6 

Taipei, Taiwan, ROC 

P. 0. Box 8-87, Taipei, Taiwan, ROC 

Tel: (02) 763-3722 Fax: 886-2-763-6475 
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THESE COMPANIES 
ALL HAVE ONE THING IN COMMON. 


MARTIN MARIETTA Honeywell 


BALCOA 
Gord 


<= [TT Aa )\ hee 


id 
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CORPORATION 


ANwueD NASI 


5 S522 is Litton 


Mercedes-Benz. 


u TEXAS 
— INSTRUMENTS Je TELEDYNE 


THEY ALL USE SOLTEC’S 3310 MODULAR RECORDERS 


Disposable fiber tip pens in 8 colors 
16 chart speeds, switch selectable 
Plug-in multi-purpose input modules 


At first glance, companies may appear different. 

But a closer look reveals that they have many of the same 
needs. The need for quality, for high performance and reliability. 
In the products they make and the products they buy. 0.3 second full scale pen response 

So when these well known names needed a recorder they Chart drive forward and reverse 
could count on, they looked to Soltec. And with our two, four, six, and eight pen models to 

And with good reason. For ten years our 3310 modular choose from, fulfilling your needs is simple. 
recorders set the standard for the industry. Today we still set The Soltec 3310 modular recorders. Trusted, tested, timely. 
the standard with Datasyn option for IEEE-488 interface capa- For more information call toll-free 1-(800)-423-2344, 
bility and complete computer control. Our 3310 recorders fea- _ in California 1-(818)-767-0044. Or write Soltec Corporation: 


ture an X-Y option, up Sol Vista Park 
to seven pens on Y axis, neers San Fernando, CA 
and a 12 point multipoint — Xx 91340-5306 


option. 
Standard benefits 
include: . 


. chart width, 250mm : : " a : | SO LTEG 


CIRCLE NO 279 


BES? 


ANOTHER 


One OMNI can program and test everything from 
micro-power PLDs to fully populated PC boards. 


* 100% laser trimmed for high speed 


The Ultimate Programmer. OAE has 
drawn upon 12 years of research and 
manufacturing experience to develop 
the ultimate software configured pro- 
grammer. 


The OMNI combines high-power, 
high-resolution, software configured 
pin drivers with a huge database of 
PROMs, EPROMs, EEPROMs, EA- 
ROMs, PLDs, microprocessors and 
ASICs (Application Specific ICs) to 
eliminate 
costly and 
outdated 


configuration modules and program- 
ming adapters. 


The OMNI’s patented pin drivers let 
you program and test more devices 
than any other system. The OMNI 
provides unlimited support from bi- 
polar diode arrays to micro-power 
CMOS PLDs like the HPL-16LC8. 
And now you can program hybrid 
modules and complete PC boards with 
the OMNI 64. 


Want to enter your own test and 
programming parameters? Just use 
the optional parametric editor to 
screen every device programmed to 
your own specifications. 

* 100% Software Configured. 

* Fast, high voltage, high current pin 
drivers can supply +-1.5A continu- 
ous to +-10A peak at each pin. 

Over 4,000 steps of voltage and cur- 
rent resolution and sub-rnanosecond 
timing resolution. 
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and accuracy. No calibration is 


ever required. 
Plug compatible with over 350 dif- 
ferent computers. 
Add over 20,000 new devices by 
modem, diskette, or RLB module. 
The OMNI 64 supports ALL pack- 
age types, including SOs, LCCs, 
PLCCs, PGAs, DIPs, SIPs, etc. 
* Free library updates for 2 years. 
* Small, portable and easy to use. 
Prices start at just $3250. 


QANE 


Oliver Advanced Engineering, Inc. 
320 West Arden Street 

Glendale, CA 91203 

(818) 240-0080 

(800) 828-0080 or 

(800) 423-8874 in California. 

TWX (510) 600-8099 
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ered from a 110 or 220V ac line or 
from 10 to 40V de. Optional func- 
tions include IRIG-E and -H time 
codes, and parallel-BCD and IEEE- 
488 interfaces. $15,500. Delivery, 90 
days ARO. 
Kinemetrics/TrueTime, 3243 
Santa Rosa Ave, Santa Rosa, CA 
95407. Phone (707) 528-1230. TLX 
176687. 
Circle No 412 


PLD ADAPTER 


@ Hxtends programmer capabili- 
ties to SMDs 

@ Handles SMD versions of 750 
DIP devices 


The 380A0001 expansion module al- 
lows the vendor’s ZL30A program- 
mer to handle the SMD equivalents 
of all DIP parts it can program. 
Included are PAL, IFL (integrated 
fuse logic), EPLD (erasable pro- 
grammable logic device), and GAL 


(generic array logic) devices. $600. 
Stag Microsystems, 1600 Wyatt 
Dr, Santa Clara, CA 95054. Phone 
(800) 227-8836; in CA, (408) 988- 

1118. TWX 910-839-9607 
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VLSI TESTER 


@ Configurable with 352 bidirec- 
tional pins 

@ Clocks at 50 MHz with +1.5- 
nsec skew 


The 64-channel STM5200 digital 
VLSI test system measures 


21x24x16 in., not including the 
IBM PC/AT-compatible test system 
controller. It backs each pin with 
memory for 64,000 test vectors and 
can automatically adjust time skew 
to +1.5 nsec at 25 MHz on all clocks 
with the device under test in place. 
The test-cycle rate is continuously 
adjustable from 200 kHz to 50 MHz 
with 0.25% accuracy. Among the 
data formats is a double-return-to- 
zero pattern that allows pulses to 
appear at twice the data rate. This 
format makes it possible to test at 
50 MHz without pairing drivers be- 
hind one pin—the full pin count is 
available when testing at 50 MHz. 
The system can also perform de par- 
ametric testing and measure device 
voltage-level sensitivity. A 32-chan- 
nel configuration, $39,500. Deliv- 
ery, eight weeks ARO. 

Cadic Inc, 1725 SW 167th Pl, 
Beaverton, OR 97006. Phone (503) 
645-2222. 
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MEGA BIT EPROM SUPPORT IS. HERE 


In the full featured Model 2A 
Programmer from PROMAC | 


@ UNIVERSAL SUPPORT 


——-= 


Of devices up to 40-pins and up to 4M bits, single chip proces- 


sors, and even E & E? PLDs. 
FAST INTERFACES 


Serial data up to 19.2K baud, 10 popular data formats, full remote 
control, and a parallel port for fast data transfers — important 


with the new larger devices. 
@ SIMPLE OPERATION 


A20 X 2 LCD gives full prompting, and functions can be selected 


by menu. 
FULL SIZE BUFFER 


A 4M bit (512K byte) buffer is ready for larger future devices. Plus 
full editing capabilities and 16-bit or even wider data handling. 


FAST PROGRAMMING 


Uses the fastest algorithms from intel, AMD, Fujitsu, and others. 
Plus a 16-bit processor and fast hardware for added speed. 
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PROMAC Division 
adams macdonald enterprises, inc. 


800 AIRPORT ROAD 
MONTEREY, CA 93940 
TEL.(408)373-3607 TLX:882141 
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"TM A TRUE BELIEVER 
IN THE POWER 
OF EDN MAGAZINE. 


Robert E. Sanders 
Manager, Marketing Communications 
Rogers Corporation 


Bob Sanders is a pro at marketing materials and 
components for Rogers Corporation, a worldwide leader 
with divisions from Connecticut to Arizona. To do the 
best job, he uses EDN magazine. 


How come? 


“EDN never fails for us. The magazine is targeted to 
markets we want to reach, like industrial controls and 
telecommunications. The result is unsurpassed inquiries 
for sales lead follow-up.” 


Sanders has seen it time and 
again. That’s why EDN mag- 
azine makes his schedule 
every time. “We've advertised 
in EDN for well over a 
decade, and whether our 
budget is large, medium or 
rather small, EDN magazine 
is consistently right there 
pulling for us.” 
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Advertising in EDN magazine works for 
Rogers Corporation. It can work for you. 


Where Advertising Works 


Introducing ... 


FULLY INTEGRATED CAD/CAM 


st came the Douglas Printed Circuit Board Design 
1 Manufacturing system. Then came the rise of 
sktop Engineering followed by the introduction of 
‘Macintosh II. Now, Douglas announces CAD/CAM 
tware made especially for printed circuit board 
lications on the Macintosh II. Always a step ahead 
the rest, the Douglas CAD/CAM Professional Sys- 
n integrates layout, schematic capture and auto- 
iting into one fully functional software package. 


YOUT 

e layout software runs on the Apple Macintosh with 
ninimum of 512K, supports color, and has unlimited 
iItilayer capabilities. Rubberbanding, rotation and 
ror imaging make board design quick and easy. Full 
pability for ground planes, soldermasks and silk- 
‘een nomenclature is provided. Output is to printers, 
n plotters and photoplotters. 


HEMATIC CAPTURE 
e schematic capture module features fully inter- 
tive, user-definable circuit logic simulation and a 


large TTL, CMOS and discrete parts library. Parts and 
lines retain connectivity when moved. 


AUTOROUTER 
The routing parameters are controlled via a command 
file. Any unroutable connections are listed in a text file 
and shown on the layout as rats-nest lines. Provisions 
are made for keep-away areas and pre-routing of 
critical areas. 


Yes, Douglas Electronics was developing CAD/CAM 
long before the Desktop Engineering term was coined 
and long before the Macintosh II came to be. However, 
to effectively lead the way, one must foresee the 
future. That's why Douglas has been a step ahead of 
the others. That’s why the Professional System is 
today's fully integrated CAD/CAM package for tomor- 
row’s circuit board needs. Order your demo disk today 
and see what the future of CAD/CAM holds for you. 
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See us at WESCON Booth #911 


To order, call 
(415) 483-8770 


or clip out and retum the coupon below. 


EDN111287 


DOUGLAS ELECTRONICS 
718 Marina - San Leandro, CA 94577 - (415) 483-8770 


{] Please send me a demo disk for $25 
(J Please send me more information 
Payment is by: 


[) Check (enclosed) [] MasterCard CO Visa 


CARD NO. EXP. DATE 
NAME 


COMPANY 


ADORESS 
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HIGH-REL DATA CONVERTERS 
~ FOR MIL APPLICATIONS | 


Me % 


* : : : & 


o 3 


_ Break through to new performance levels 


% ; s a s e s 


e 


erospace an 


. ment that DA’ "BT bt do ata back and every S 2 bili 4 S pp ications. Call or ante today oe 
one of its products. complete information package on all our data — 
DATEL’s superior quality, high-perfor- acquisition products. 
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WESCON, LEADERS IN DATA CONVERSION TECHNOLOGY 
Booth #1737-1741 11 Cabot Boulevard, Mansfield, MA 02048 (617) 339-3000 


ertified 


NEW PRODUCIS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


DISK UTILITY 


@ Provides data security by writ- 
ing to two drives at once 

® Can work with four 32M-byte 
partitions per drive 


The Me2 software package provides 
fault-tolerant operation for IBM 
PCs and compatibles acting as 
stand-alone computers or as net- 
work file servers. The software in- 
tercepts all disk read and write re- 
quests, and writes all data to two 
hard-disk drives simultaneously. 
This “shadowed-pairing” operation 
is transparent; the pair appears as a 
single drive to the computer during 
normal operations. If a read or 
write request results in an error in 
one drive, the software automatical- 
ly switches to the data file in the 
second drive and notifies you of the 


DAYLIGHT VISIBLE 


DISPLAYS 


Display sizes: 11/2”, 4”, 6”, 9”, 12”, 18" & 24” 
IDEAL FOR: 

LJ Instrumentation 

CJ Industrial controls 

CL Timing Devices 

LJ Toll Displays 

CL) Metering Displays 

CL) Production Line Displays 


ENERGY SAVING: 
LJ Eleetromagnetic, bi-stable operation 
LJ No bulbs to replace 
CL Maintenance-free 
LJ Indication remains with power loss 
CL) Power used only to change display 
CL Use indoors or outdoors 
LI -40°C to 75°C 


Call or write for full information 


P.O. Box H, Bay Shore, NY 11706 
516-666-8000 
TLX: 6711657 
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failure. You then have the option of 
continuing your transaction, of 
using the second drive only, or of 
suspending operation until the mal- 
function in the first drive has been 
repaired. The software provides a 
9-level log-in password system and 
keeps detailed records of all log-in 
activities. To run Me2, you need a 
machine equipped with DOS version 
3.1 or higher. The software is com- 
patible with both CSMA/CD (carri- 
er sense multiple access/collision de- 


specifications. 


tection) and token-ring network 
architectures. Stand-alone version, 
$385; network file server version, 
$1285. 

Atlantic Microsystems Inc, 8A 
Industrial Way, Salem, NH 03079. 
Phone (603) 898-2221. 
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OS FOR 80386 


@ Runs on 8088-, 8086-, 80286- or 
80886-based machines 

@ Provides file-sharing and user- 
security features 


PC-MOS/386 version 1.02 is a multi- 
tasking, multiuser operating system 
for 8088-, 8086-, 80286-, and 80386- 
based computers, and it takes ad- 
vantage of all the 80386’s features. 
Those features specific to the 80386 


Richco Carrier Tubes 
Simplify Component Handling 


Carrier tubes from Richco can solve your many automatic 
loading, and shipping requirements of small electronic 
components. Select from eight standard designs, or 

let Richco design special tubes to meet your custom 
requirements. Standard PVC, conductive and anti-stat 
materials available. All provide good transparency for 
product viewing. Pin stops, easy pull out end plugs, 
window punched stops, and Richco’s patented “L” stop 
also available for product containment per your 


For more information or a free sample packet, contact: 
Sample Department, RICHCO PLASTIC COMPANY, 
P.O. Box 804238, Chicago, Illinois 60680. Call toll-free: 
800-621-1892. In Illinois, call: 312-539-4060. 


RICHCO 
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Of long life and reliability. 


Thousands of 
engineers have 
found our previous 
catalogs to be their 
ideal reference books 
for high-quality, long-life 
Capacitors. 

This new edition is the 
best yet. 

Not just a catalog, it's a 
- complete applications encyclopedia, 
with all the facts and all the help you 
need, attractively and professionally 
laid out. 

The technical data and performance 


claims are conservative and guaranteed - PO Box 517 Sonoma CA 95476 . 


RIFA gives you promises, not wishes. 707 996 5201. FAX 707 996 338 
If you need Electrolytic, Metallized Paper, 


RFI and RC Units, Metallized Polyester, Precision 
Polypropylene and Polystyrene, Pulse and Power 
Snubber Capacitors for example, send for your copy of 
the RIFA 1986 Capacitor Catalog. 

Design RIFA into your products and you design in a future 
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CPU are isolated in a single system- 
driver file used only when an 80386 
is present in the system. Systems 
based on the other chips in the fami- 
ly can use the extended-memory fa- 
cilities of the OS, provided that the 
systems include extended-memory 
hardware. The OS provides soft- 
ware tools that let you assign 640k 
bytes of RAM to each task or user, 
including “ill-behaved” tasks that 
write directly to video hardware. 
You can also run multiple tasks in 
systems that don’t have extended- 
memory-management hardware, 
but you are then limited to a total of 
640k bytes (minus system overhead) 
for all tasks. Single-user version, 
$195; 5-user version, $595; 25-user 
version, $995. 

The Software Link Inc, 3577 
Parkway Lane, Atlanta, GA 30092. 
Phone (404) 448-5465. TWX 
4996147. 
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TEST GENERATOR 


@ Generates high-coverage test vec- 
tors for all types of PLDs 

@ Comes with a model library of 
50 commonly used parts 


The automatic test-generator pro- 
gram Anvil ATG runs on IBM 
PC/XTs, PC/ATs, or on any compat- 
ible with 640k bytes of RAM and a 
hard disk with 4M bytes of available 
storage. The package consists of an 
event-driven, time-based simulator, 
a concurrent fault simulator, a gen- 
eral-purpose automatic test-vector 
generator, and utility programs. 
The software is menu-driven, but 
you can bypass the menus if you 
want a series of jobs to run in batch 
mode without operator attention. 
According to the vendor, the pro- 
gram typically achieves 90 to 100% 
fault detection, even on highly se- 
quential designs, such as state ma- 
chines. The faults considered in- 
clude stuck-at-0 and stuck-at-1 logic 
elements and incomplete or improp- 
erly blown fuses. So as not to ob- 
scure true-fault coverage, the pro- 
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gram removes from consideration 
undetectable faults that derive from 
redundancy or unused circuitry. 
$4950. 

Anvil Software, 369 Massachu- 
setts Ave, Suite 192, Arlington, MA 
02174. Phone (617) 641-3861. 
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GRAPHICS CONVERTER 


@ Lets you add color to Macintosh 
graphics 

@ Converts Macintosh graphics to 
DEC’s Regis or Sixel formats 


Reggie is a software package for the 
Macintosh that converts MacDraw, 
MacPaint, and Clipboard images to 
DEC’s Regis (object-oriented) or 
Sixel (bit-mapped) formats so that 
the converted images can be im- 
ported into applications that run on 
a DEC host. In addition, the pro- 
gram allows you to add color to each 
object of a MacDraw document. You 
can also use the program to convert 
Macintosh CAE-program images 
into a form suitable for processing 

on a DEC host workstation. $99. 
White Pine Software Inc, Box 
1108, Amherst, NH 03031. Phone 
(603) 886-9050. TWX 650-288-7627. 
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MODEM SOFTWARE 


® Works with Hayes AT-compati- 
ble modems 

@ Provides built-in automatic dial- 
ing directory 


Anchor-Talk is a simple telecommu- 
nications program that you can use 
on an IBM PC or compatible 
equipped with the vendor’s mo- 
dems; you can also use the program 
with other vendors’ internal or ex- 
ternal modems, provided the mo- 
dems employ the Hayes AT com- 
mand set. The program allows you 
to create a built-in dialing directory; 
when you select an item, the modem 
dials the number automatically. You 
can use the Xmodem or Xmodem/ 
CRC protocols to transfer files be- 
tween your machine and any host 


ELECTRONIC COMPANY 
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WHAT'S NEW FOR 
THE IBM PS/2 


Wire wrap VECTORBORD* 


High speed prototyping boards 


for manual or semi-automatic 


assembly. Solderable versions 


also. Both with impedance 


matched extenders. 


USES SMD CAPS 
AND SOCKET PINS 
¢ Opposing v/g planes 
reduce crosstalk. 

¢ Connectors, brackets, 
and accessories. 

e Available for all 
PS/2 Models and 
IBM-PC, XT, & AT. 


a) a) 


WESCON Booths 1918-1920 TM 


Call or send for brochure. 


VECTOR ELECTRONIC COMPANY 
12460 Gladstone Avenue 

Sylmar, CA 91342 

818/365-9661 FAX 818/365-5718 


800/426-4652 in CA 
800/423-5659 Outside CA 124 
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First again for OEM's 


space saving, and reliable. 


= 8K to Epson now offers a full line of 


512K Byte 


RAM Card! interchangeable memory cards 
: with all the unique innovation, 
EPROM Cart ue Superior dependability and 
economical pricing you've 
: “tobe athe come to expect from us. 
= 8K to 32K Byte ney oe ou 2 
EEPROM Card! quickly and easily expand 


your memory, add new 
read only programs, 
and substitute 
different kinds 
of memory... 
all through 
the same 
standard 


oye, 


ase 


a = IC Card and Connector 
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EPSON IC MEMORY CARDS 


More Epson quality for your computer, products or system application: 
New Plug-in IC Memory Cards: uniquely portable, rugged, 


peripheral connector. 

You gain instant access tc 
card memory, drive-equivale 
memory capacity, user pro- 
grammable RAM and ROM 
capability...and much more 

Your applications such as 
PC and word processor daté 
files...software storage... 
industrial control for robotics 
and numerical control...of 
toys or electronic musical 
instruments...activation of 
computer peripherals and 
electronic measuring equip- 
ment...all are neatly served. 


THE FEATURES YOU WANT 

Epson's rugged and reliable IC Cards 
are easy to install using the standard 
connectors provided. An exclusive 
shutter mechanism protects the terminal 
contacts from dirt and static electricity... 
Opening automatically when the card is 
inserted and closing when the card is 
removed. And, the connector is polar- 
ized so it can’t be inserted backward. 

A write protect switch that signals 
its ON-OFF position visually and by 
an output, protects the RAM card from 
accidental overwriting...and a replace- 
able battery is used to maintain the 


- recorded data even when the card is 


removed (the battery can only be 
replaced when the card is connected 
to a voltage supply). 

A convenient size of 2.12”x3.38”x .09” 
is standard for all cards. Pin assign- 
ments allow for easy connection to the 
CPU bus. Connectors are available in 
two standard configurations, 90° and 
straight lead, with 1.5mm pitch x 34 pins, 
and 1.27mm x 40 pins. Custom features 
and labeling are available. 


Call or write today for complete information. 


EPSON 


Epson America, Inc. 
Component Sales Department 
3415 Kashiwa Street, Torrance, CA 90505 


Telephone (213) 534-4500 ® Telex 664277 ® FAX (213) 539-6423 
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that can also use these protocols. If 
you communicate with a public- 
service host that doesn’t use 
Xmodem, you can employ the XON/ 
XOFF protocol for file transfer in 
either direction. $29.95. 

Anchor Automation, 20675 Ba- 
hama St, Chatsworth, CA 913811. 
Phone (818) 998-6100. 
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NETWORKING OS 


® Conforms to System V Interface 
Definition 

®@ Operates with an Ethernet 
TCP/IP network 


Venix 2.3 is a real-time version of 
Unix that runs on the HP Vectra 
Plus, the Compaq Deskpro 386, and 
IBM PC/ATs and compatibles. The 
enhanced OS can now use an 80386- 
based machine’s protected mode. It 
also works with machines that are 
connected to an Ethernet network 
and that use TCP/IP (Transmission 
Control Protocol/Internet Protocol). 
The OS conforms to the AT&T Sys- 
tem V Interface Definition and has 
passed the System V Verification 
Suite instituted by AT&T to test for 
compliance with System V stan- 
dards. The system’s features in- 
clude support for the IBM En- 
hanced Graphics Adapter board and 
for AT&T 80286 executable binary 
programs in common object file for- 
mat; thus, programs written for 
AT&T’s 6300 Plus ~C will run under 
Venix 2.3 without recompilation. 
Improved memory management, a 
more efficiently coded kernel, an 
extended-buffer cache, and a 1024- 
byte block file system combine to 
provide quick responses when you 
run demanding multiuser, multi- 
tasking application programs. The 
software includes a large-memory- 
model C compiler. A 2-user system, 
$600; after December 31, 1987, 
$990. 

VenturCom Inc, 215 First St, 
Cambridge, MA 02142. Phone (617) 
661-1230. 
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TEXT FORMATTER 


@ Operates with the HP LaserJet 
or compatible printers 

® Comes in CP/M and MS-DOS 
Versions 


MagicFont is an addition to the 
MagicSeries text-formatting tools, 
which allow you to create logos and 
symbols in many sizes or styles for 
use with a standard CP/M or 
MS-DOS word processor and an HP 
LaserJet or compatible printer. 
MagicPrint, the series’ basic for- 
matting tool, provides true propor- 
tional spacing, automatic footnot- 
ing, multiple-column printing, 
automatic chapter/section number- 
ing, widow/orphan control, and ta- 
ble-of-contents generation on a vari- 
ety of printers. Adding MagicFont 
lets you employ all laser-printer 
functions; you can use your printer’s 
standard fonts or download disk- 
resident fonts and create headings 
and drop letters of 72 points or 
more. You can mix different type 
sizes, styles, and symbols within a 
line, or even within a word, without 
disrupting the margins and Jjustifi- 
cation. The other tools in the series 
are MagicBind, which includes 
MagicPrint and provides mail- 
merge facilities, and MagicIndex, 
which includes MagicBind and pro- 
vides automatic multitier document 
indexing facilities. MagicFont, $59; 
MagicPrint, $99; MagicBind, $149; 
MagicIndex, $199. 

Computer EdiType Systems, 509 
Cathedral Pkwy, Suite 10A, New 
York, NY 10025. Phone (212) 222- 
8148. 
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MULTITASKING WITH C 


@ library provides basic functions 
for multitasking 

@ Lets you handle multiple users 
or devices as independent tasks 


Multi-C is a library of C-language 
functions that you can link to a pro- 
gram to convert the program into a 
number of time-independent tasks. 


ELECTRONIC COMPANY 


NEED PLUGBORDS" 
WE'VE GOT ‘EM 


VECTORBORD* Plugboards 
For most microcomputers 

and for general purpose 
applications. Ask for Vector 
products at your local 


electronic store or distributor. 


VECTOR- 
THE INDUSTRY 
STANDARD 
FOR 41 YEARS. 
¢ Plugboards 
¢ Extenders 
¢ Connectors 
* Terminals 
¢ Accessories 


Call or send for 1988 Catalog 


VECTOR ELECTRONIC COMPANY 
12460 Gladstone Avenue 

Sylmar, Ca 91342 

818/365-9661 FAX 818/365-5718 


800/426-4652 In CA 


800/423-5659 Outside CA = 125 
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Tauber and Varta. Your 
Source for New, Improved 
Lithium Batteries. 


Varta’s lithium/chromium-oxide (LiCrOx) 
batteries provide over 70% more energy 
density than conventional lithiurn/ 
manganese-dioxide (LiIMnO,) batteries, thus 
providing much longer life in use. LiCrOx 
batteries last up to 10 (not 5) years. Available 
IN 1/2 AA (1,000 mAh) and AA (2,250 mAh} 
sizes. 


VARTA Batteries, Inc. 


World-renowned battery specialists. 


—— ee 
TAUBERSELSCTRONMICS we 


VARTA 


4901 Morena Blvd., ste. 314 

San Diego, CA 619-274-7242 

FAX 619/274-2220; LA 213/416-9000 
OC 714/667-0177; N.CA 408/737-9408 
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Bridge The 
Interface Gap ! 


Computer Output Interface with: 
Air * Air/AC * AC » DC 


¢ Opto-Isolation 
¢ 16 Outputs 
¢ Control Options 

(RS232C, Centronics, 

16 Bit Parallel or IEEE-488) 
¢ Manual ON/OFF Override 
Capabilities 


800/821-8866 


Litton Engineering Laboratories 
P.O. Box 950, Rm. 204 

Grass Valley, Ca. 95945-0950 
(916) 273-6176 


WESCON 87/BOOTH 5029 
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The library contains task-schedul- 
ing, time-scheduling, and intertask- 
communication functions. When you 
create a task, you call a function 
that creates both a structure that 
controls execution of the task and a 
Separate stack area that lets the 
task behave as an independent pro- 
gram. When a task must wait for an 
event, other functions save its cur- 
rent state on the stack and restore 
the state when the scheduler re- 
turns control to the task. The sched- 
uling functions are nonpreemptive 
and give control to the “ready” task 
with the highest priority; if several 
ready tasks have the same priority, 
they are scheduled on a round-robin 
basis. Companion products include 
Multi-Comm, a communications li- 
brary; Multi-Windows, a screen- 
management library; and Multi- 
Forms, a data-entry and -display 
library. All run on an IBM PC or 
compatible, and various versions 
work with Microsoft, Datalight, 
Lattice, and Turbo-C compilers. 
Multi-C, Multi-Comm, Multi-Forms, 
$149 each; Multi-Windows, $295. 
Cytek Inc, 805 Turnpike St, 
North Andover, MA 01845. Phone 
(617) 687-8086. 
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BAR-CODE SOFTWARE 


® Can use a dot-matrix or laser 
printer to print bar codes 

® Obtains data from a dBASE II] 
Plus file 


dBarcode runs on an IBM PC or 
compatible and prints Code 3 of 9, 
Code 2 of 5, or UPC Version A bar 
codes that correspond to part num- 
bers or other numerical information 
that you’ve stored in a dBASE data- 
base. You can adjust the bar and 
space widths to suit various bar- 
code readers, and you ean also ad- 
Just the bar-code height and vertical 
spacing. You can print multiple col- 
umns of bar codes (on labels, for 
example), or you can print descrip- 
tive text alongside each bar code. 
The package includes Barprint, a 


utility that allows you to set code 
height and spacing and to then enter 
data from the keyboard. You can 
configure the program to use either 
an HP LaserJet printer or any dot- 
matrix printer that is compatible 
with the IBM Graphics Printer. 
$99. 

Timekeeping Systems Inc, 12434 
Cedar Rd, Cleveland, OH 44106. 
Phone (216) 229-2575. 
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FILTER-DESIGN TOOLS 


@ Help you design high-frequency 
distributed lowpass filters 

© Handle coaxial, stripline, and 
microstrip filters 


Three new programs in the vendor’s 
MSAfilter product group allow you 
to design distributed lowpass filters 
In coaxial form (CXLPF), stripline 
form (SLLPF), or microstrip form 
(MSLPF). Each program performs 
a design synthesis of the electrical 
circuit, synthesis of the distributed 
circuit, and frequency analysis of 
either the standard or the dual filter 
design. The programs are interac- 
tive, and you can change the topolo- 
gy and physical dimensions of the 
filter and quickly determine the ef- 
fect of such changes on the filter’s 
response. You can also perform tol- 
erance studies on the design to de- 
termine the critical parameters. 
The programs run on IBM PCs or 
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compatibles with at least 256k bytes 
of RAM and one double-sided flop- 
py-disk drive. Each program comes 
on a95'%4-In. floppy disk and is accom- 
panied by a backup copy; versions 
for hard-disk installation are avail- 
able. $495 each. 

Microwave Software Applica- 
tions Inc, Box 1736, Norcross, GA 
30091. Phone (404) 441-9193. 
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PROCESS ANALYZER 


@ Lets you analyze and fine-tune 
process-control loops 

© Provides time-response, frequen- 
cy-response, and Bode plots 


The ProcessPlus process-control 
analysis and tuning software pack- 
age runs on an IBM PC or compati- 
ble with 512k bytes of RAM, at least 
one floppy-disk drive, and DOS 2.1 
or higher. A math coprocessor is 
recommended but not required. The 
program identifies your process 
from test data that you enter, and it 
lets you select a proportional-inte- 
gral-differential (PID) controller 
from three categories (interacting, 
noninteracting, or parallel) and 10 
industrial PID algorithms. The pro- 
gram then generates graphs of step 
or ramped setpoint changes, or ei- 
ther of two types of load-distur- 
bance plots, or any of three different 
types of frequency-response plots. 
The program offers extensive on- 
line help screens and uses a simula- 
tion model that lets you simulate 
any combination of dead time: as 
many as seven lags in series, inte- 
gration, lead action, inverse re- 
sponse, and underdamped or over- 
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damped processes. You can see the 
results of changing loop parameters 
and can compare the operation of 
different manufacturers’ control- 
lers. $750; outside the US and Cana- 
da, $825. 

Gerry Engineering Software, 
13310 W Red Coat Dr, Lockport, IL 
60441. Phone (312) 257-5950. 
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NETWORK ANALYZER 


@ Monitors Ethernet or ProNet-10 
traffic 

@ Lets you screen out all but the 
packets of interest to you 


The LANWatch software network 
analyzer monitors traffic on an 
Ethernet network, captures packets 
as they pass, and stores them for 


6/2 Digits 


That lets you resolve 1 part in 3,000,000. 
With 100nV - 1000 - 1nA sensitivity. 


5 Functions 


Measure AC/DC volts and amps, 
plus offset compensated ohms. 


$1395 


That includes all functions, front/rear 
inputs, IEEE-488 interface. 


jal The Model 196 
my) System DMM 


_ CALL FOR FULL SPECIFICATIONS, A 
DEMONSTRATION, OR ORDERING INFORMATION 


KEITHLEY Keithley Instruments, Inc. 


28775 Aurora Road / Cleveland, Ohio 44139 / (216) 248-0400 _ 
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later examination. The software 
runs on IBM PCs and compatibles, 
and it is compatible with various 
Ethernet boards by _ Excelan, 
Micom, and 3Com. In display mode, 
the program captures successive 
packets passing over the Ethernet, 
stores them in a buffer, and displays 
one line of information about each 
packet on the screen. The buffer 
holds as many as 254 packets. When 
the buffer fills up, the program dis- 
cards the oldest packets to make 
room for new ones; however, by set- 
ting a software switch, you can 
make the program store all the 
packets to a disk file and thus allow 
for histories of more than 254 pack- 
ets. The display mode provides fil- 
ters that allow you to select for 
display only the packets of interest 
to you. If you want filter specifica- 
tions not provided by the filters 
supplied with the program, you can 
write a C function, compile it with 
Microsoft C, and link it to LAN- 


Watch; the documentation includes 
examples of how to write filters. 
The examine mode lets you browse 
through packets stored in the buffer 
and examine the contents of individ- 
ual packets in detail. $1200. 

FTP Software Inc, Box 150, 
Kendall Sq Stn, Boston, MA 02142. 
Phone (617) 868-4878. 
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OS FOR HD64180 


@ Provides a large operating space 
for CP/M-compatible programs 

@ Operates with floppy-, hard-, or 
RAM-disk storage 


The Hyperspace Z-System operat- 
ing system for computers based on 
the Hitachi HD64180 or Zilog Z280 
Ps lets you run all application pro- 
grams written for CP/M 2.2. The 
software consists of ZRDOS 2.0 (a 
replacement for the CP/M BDOS); a 
sample BIOS for the HD64180; and 


ZCPR 3.3, a package that provides 
extended command-processing fea- 
tures including conditional branch- 
ing, a batch processor, a shell sub- 
system, multilevel directories, 
named directories, a path-searching 
feature, and extensive on-line help. 
A file-maintenance utility lets you 
use a single command to tag multi- 
ple files for viewing, copying, eras- 
ing, and other operations. The Une- 
rase utility permits you to reclaim 
erased files. You can use the menu 
subsystem to create and run menus 
that automate many housekeeping 
functions and isolate nontechnical 
users from the OS, but yet grant 
these users full access to the appli- 
cation programs and OS functions 
that they need. Because the 
HD64180 and Z280 CPUs both have 
a large memory-address space, you 
can place many of the ZRDOS mod- 
ules outside the normal 64k-byte 
CP/M address space. This feature 
enlarges the memory space avail- 


382 


Our “AT” cut crystals are now 
available in holders this size! 


Call us for your 
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Choose from HC-52/UA resistance-weld or HC-45/U2 
cold-weld seal holders. Any frequency from 7.5 to 200 
MHz. Available in several calibration grades and max fre- 
quency vs temperature drift tolerances. 


special requirements 
in quartz crystals 


International Crystal Manufacturing Co., Inc. 


P.O. Box 26330, 701 W. Sheridan, Oklahoma City, OK 73126-0330 
Phone (405) 236-3741 


Telex 747-147 Facsimile (405) 235-1904 
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Futaba, a world leading manufacturer of vacuum fluorescent 
displays, offers a wide assortment of display tubes in many sizes 
and formats. Also, Futaba offers display modules with all the 
electronics required to refresh the display and easily interface with 
the host system. 


Both front glass phosphor, which provides maximum viewing angle 
and uniform surface appearance, and conventional back glass 
phosphor, with optimum brightness and software dimming capabili- 
ties, are available. All Futaba graphics modules offer complete drive 
electronics, bit mapped control with a DC/DC converter. All active 
components are surface mounted onto a single board. 


Utilizing Futaba’s dot matrix displays, a completely intelligent line of 


“dot modules” is available. Each includes all drive, power supply and 


microprocessor components surface mounted onto a single board. 
Surface mounted technology results in higher reliability and allows 
for a smaller overall package and lower cost. All dot modules require 
only a 5V DC power source and can accept parallel or 8 possible 
serial baud rates. 


Futaba Futaba Pixels Brightness Module 
Display Module (Row X Char.) (FT-L) Dimensions (in.) 
GP1005B GP1005B03 128X64 400 7.28X3.35X1.77 
GP1006B GP1006B04 256X64 200 9.84X3.35X1.77 
GP1009B GP1009B03 240X64 200 6.2X2./76X1.57 
GP1010B GP1010B01 176X16 200 7.32X2.16X1.70 
GP1002C GP1002C02 320X240 100* 7.10X6.30X1.60 
GP1004B GP1004B03 640X400 30 9.65X7.28X1.85 
*Different Versions Available 
Futaba Futaba Char. Dot Char. Module 
Display Module XRow _ Format Ht. (in.) | Dimensions (in.) 
20SD01Z M20SD01 20X1 5X7 0.200 6.3X1.97X.75 
20SD42Z M20SD42 20X11 5X12 0.344 7.1X2.16X.88 
40SD02Z M40SD02 40X11 5X7 0.200 9.45X2.16X.88 
40SD42Z M40SD42 40X11 5X12 0.344 9.45X2.16X.88 
202SD03Z M202SD03 20X2 oX/ 0.200 6.7X2.56X.90 
402SD04Z M402SD04 40X2 5X7 0.200 10.43X2.56X.90 
MANY OTHER NEW MODULES 
DISPLAYS AVAILABLE SOON 


Corporation of America 
Electronic Components Division 


711 E. State Parkway 


Telephone: (312) 884-1612 
Schaumburg, IL 60173 


or (312) 884-1444 
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Compact, flat panel graphic displays and modules — 
present clean, sharp images, whether for text or full 
graphics application. 


2 x 40 character (module) 


Pattern flexibility and pleasing appearance are offered by 
Futaba in dot displays and modules. 


Futaba also offers a complete catalog of alphanumeric, 
segmented displays. 


Futaba supports its products with design engineering 
and system integration assistance. Call or write today. 
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able to application programs (48k to 
56k bytes under CP/M, depending 
on the system configuration) to 
57.25k bytes. $195. 

Echelon Inc, 885 N San Antonio 
Rd, Los Altos, CA 94022. Phone 
(415) 948-3820. 
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LOGIC PROGRAMMER 


@ Provides remote control of logic 
programmer from an IBM PC 

© Has menus that simplify com- 
plex programmer operations 


Stag Com 2 provides direct opera- 
tional control of Stag logic program- 
mers from an IBM PC or compati- 
ble. You can use monochrome, Color 
Graphics Adapter (CGA), Enhanced 
Graphics Adapter (EGA), and Her- 
cules graphics boards in the PC. 
Comprehensive menus guide you 
through all programmer-operation 
steps and provide commands for 


loading, programming, emptying, 
verifying, and testing the logic de- 
vices. The program keeps error sta- 
tistics, which you can use as the 
basis for qualitative analysis of the 
logic devices that you’re program- 
ming. An extensive library of PLD 
characteristics lets you use the soft- 
ware to program more than 400 
PLDs from all leading manufactur- 
ers. $199. 

Stag Microsystems Inc, 1600 
Wyatt Dr, Santa Clara, CA 95054. 
Phone (408) 988-1118. TWX 910- 
339-9607. 
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TERMINAL EMULATOR 


© EHmulates graphics terminals 
© Works with VGA and other 
graphics adapter boards for PC's 


The Emu-Tek Seven Plus software 
package allows an IBM PC or com- 
patible to emulate the Tektronix 


4107 and 4109 graphics terminals. 
Release 1.21 works with VGA- 
equipped IBM PS/2 computers and 
with other machines equipped with 
the following graphics adapters: 
Adage’s 1280X1024-pixel PG 90 
Model 10; Imagraph’s 1024x768- 
pixel AGC 1076-4N; and Vectrix’s 
1024 x 1024-pixel PEPE board. This 
release also works with the 11 
adapters supported by the previous 
version (1.11), including the IBM 
VGA (Video Graphics Adapter) and 
the EGA (Enhanced Graphics 
Adapter). $695. 

FTG Data Systems, Box 615, 


é ae oS ss ee ‘ eS a = fo hae ee 
Ee ° sore 


When youre looking for input on raster plotters, take a look at some major CalComp 
output. ‘Twenty-four different versions from the fastest growing raster family in the world. 
(With more family members arriving soon. ) 

very raster plotter incorporates more industry firsts, more choices. From simple, colorful 
business graphics to the complexity of super-dense integrated circuit design, mapping, etc. 

The 5800 and 5700, our color and black-and-white electrostatic plotters, deliver speed, 
superior resolution, multiple configurations and A to E size plots. 

For CAD graphics, PlotMaster™ produces quick-check “A” size presentation-quality color. 

Or plug ColorMaster® into your PC and through CalCompatibility, you can run the most 
popular business presentation graphics software. 
ColorMaster is a registered trademark of CalComp. © 1987 CALCOMP 
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Stanton, CA 90680. Phone (714) 995- 
3900. TLX 887840. 
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NETWORK SOFTWARE 


@ Runs under the RT-11 operating 
system 

® Can access Unix, Ultrix, and 
VMS systems 


The Telnet-RT software networking 
package runs under DEC’s RT-11 
operating system in either single- 
job (SJ) or foreground/background 
(FB) mode. The package uses the 
Transmission Control Protocol/ 
Internet Protocol (TCP/IP) and the 
remote terminal access protocol to 
allow you to log onto other comput- 
ers in a network from your RT-11 
and to work as if you were using a 
terminal directly attached to the 
remote node. The package comes 
with a subroutine library, a debug- 
ging module, and device drivers for 


all DEC Ethernet controllers 
(DEQNA, DELUA, and DEUNA), 
as well as for all RT-11 monitors (SJ, 
FB, and XM). If you use Telnet-RT 
on an RT-11 system and the ven- 
dor’s Telnet-VMS package on a VAX 
computer, the two systems can com- 
municate over the network (a facili- 
ty that DEC doesn’t provide). $795. 
Process Software Corp, Box 746, 
Amherst, MA 01004. Phone (413) 

549-6994. TLX 517891. 
Circle No 430 


C INTERFACE LIBRARY 


e Provides virtual screen facilities 
@ Offers 15 data-input field types 
with security features 


The C-Worthy Interface library 
speeds up the development of appli- 
cation programs by providing con- 
sistent error-message presentation 
and a broad range of presentation 
subsystems and functions. The 


tiled, overlapping, and pop-up win- 
dow facilities can use virtual as well 
as actual screens. The keyboard- 
handling routines provide extensive 
context-sensitive help. The data-in- 
put routines offer three data-valida- 
tion levels and let you define your 
own field types or choose from more 
than 15 predefined field types. You 
can use the library with most popu- 
lar C compilers for the IBM PC, 
IBM PS/2, and other MS-DOS based 
machines. Machine-dependent func- 
tions are isolated in a separate run- 
time overlay file that is loaded along 
with the application program; thus, 
when you transfer an application 
program that uses C-Worthy from a 
PC-DOS to an MS-DOS machine, 
you don’t need to recompile or relink 
any modules. $295. 

Solution Systems, 541 Main St, 
Suite 410, South Weymouth, MA 
02190. Phone (800) 821-2492; in MA, 
(617) 337-6963. 

Circle No 431 


The first family? You bet. First in high-resolution 400 DPI color. First in pin-point 


accuracy with electronic registration. First in embedded controllers to save space. First 
with convenient ROM pack firmware. First with flexibility of over 2,000 line and area fill 
colors. And too many more firsts to talk about here. 

There’ also a national 800 helpline, 425 trained service 
persons, 46 service centers nationwide, 32 international 
field offices, and on-site service. And a single supply source. 

Don't be the last to learn about the Mes we Call 
1-800-CALCOMP or write CALCOMP. PO. Box — 

Anaheim, CA 92803. In Canada, call (416) 635-9010. = CalComp 
We Draw On Your Imagination and PlotMaster are trademarks of CalComp. A Lockheed Company 


EDN November 12, 1987 


CIRCLE NO 91 
385 


oT 


FB RETECSPO SLEEPLESS PITS UCD P ELST 2e OEP ESL PREREE FABRE ARSED ERNIE pecieieiineniaeatnn 


WEDECTID| 
VER SUF 


RAVEN 4ERQNVA 
WOVEN, }SUUW 


e— a 


OV 
NEW , aie Meri ada ee 
{o0OW MULTI's OOOW, 750W SINGLE! 


The industry's newest, smallest | High performance, competitive 
1600W Multi output package. | pricing and 2 week delivery 
ACDC’s JFM features unlimited have made this the most popu- 
flexibility of output voltage & cur- lar proven “slot” supply in the 
rent combinations. industry. 


Any combination you choose Unequivocably. 
will be delivered in 2 weeks. IWAV/ICN ECA = 
PROVEN FEATURES 


P ROVEN m IEEE 587 input surge protection | 


1600W MULTI's = Current mode contro! 


A new product that's proven? m Single wire paralleling 


® On-board EMI filter 
YES—when its based on ACDC's | "(FOC Docket 20780, 
design used for the industry's ' Class A and VDE 
most reliable “slot” supply. 0871, Class A) 
YES—when it passes = Largest offering 
ACDC's rigorous, unforgiving of standard options 
quality & reliability test program. m Active preload 


PROVEN ® Inocnohional oatety 
1000W & 800W MULTI 


certifications 
Proven by our customers. p ROV EN 
Proven over a broad variety of ACDC electronics designs & 
applications. Don't compromise ild lity. highly reliable 
on output voltage. ACDC’s REV builds quality, highly 


; ower s lies. This has been 
combination your design 


; continues to be PROVEN 
requires. every day. 
And you can have it in 2 weeks. 


MODEL SELECTION CHART 


WATTS SINGLE MULTI 
UP TO 5 OUTPUTS 


| 
i 


Now there are NEW solutions to 
your 500-1600W power supply 
requirements. 

PROVEN solutions. Only from 
ACDC electronics. Want proof? 
Call for a DEMO today. (619) 
439-4200. 


401 Jones Road, Oceanside, CA 92054 
TEL: 619/757-1880. TLX: 350227. FAX: 619/439-4243 


acdc 


electronics 


_ ACDC’s POWER OFFERING CIRCLE NO 270 


Have you ever imagined life 
without Triad transformers? 


Quite simply, life without Triad would be a bit 
prehistoric. After all, doesn't every new electronic 
product idea or improvement require a state-of-the-art 
transformer design? Of course, and specifying anyone 
other than Triad may set you back. 

Triad’s optimum transformer designs are ideal for 
nearly every application you have, providing high 
quality and delivering superior on-the-job performance. 
We even offer technical assistance in the form of the 
best engineers and designers in the electronics industry. 

You see, were your problem-solving partner. You 
can trust Triad to realize your vision. Use another 
transformer and you may just be re-inventing 
the wheel. my 

Call or write Triad today for our free 
Transformers, Inductors and Power Supplies 
Catalog — 305 North Briant Street, 
Huntington, IN 46750, 219-356-7100, 
TWX 810-333-1532. 


Triad gets wound up in your ideas 


Magnelek 
Iriad-Utrad 
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A Wide Lineup Builds Quality and Reliabili 


From small to large sizes, from character to 
graphic displays, Toshiba has a wide lineup of LCDs 
with high quality and superior readability. The 
employment of H-TN offers you easier reading. And 
built-in controllers enable easy operation. There’s 
even a module that accepts an EL backlight. So 
when you look for an LCD — look for Toshiba. 


Character Display Type with Built-in Controller 


High character height and easy-to-read display. 
Easy-to-use design thanks to high contrast TN. 


Number of 
characters 


Outline dimensions 
(mm) 
80.0 X 36.0 X 12.0 


Model name 
TLC-671 


TLC-601 


182.0 X 33.5 x 13.0 


TLC-1001 9221.0 X 76.0 X 125 


In ‘Touch with Tomorrow 


Graphic Display Type with Built-in Controller 


Clear display thanks to high contrast TN. 
Easy-to-use C/G, RAM and ROM built-in types. 


Number 


Outline dimensions 


. Controller 


Model name “dots (mm) 
TLC-1021 120 64 85.0 X 70.0 x 20.0 T6963C 
TLC-682 | 160 64 | 1250x 500x180 | Te963C 
TLC-711A 240 x 64 | 180.0 65.0 x 12.0 T6963C 
TLC-1013 160X128 | 12901045140 | T6963C 
TLC-1091 240 X 128 | 241.0 X 125.3 x 12.0 T6963C 
TLC-1101 | 160 32 | 1400x 400x120 | T6963C 
*We provide many options. 
“We can meet the need for customized products. 
Graphic Display Type 


Clear display through employment of high contrast TN. 
Capable of displaying large-size letters and special letters. 


Sodel pamc Number of | ues Controller 
TLC-612 320.0 X 48.0 x 14.0 


(T6963C) 


TLC-341AK 93.2 x 866X120 | (T6963C) 


128 X 128 


TLC-972 480 X 128 


274.0 X 114.4 20.0 | (17755 


( ): Recommended controller ICs. 


Ci) Wescon/87.. 


Electronic Show and Convention 
November 17-19/San Francisco, California 


TOSHIBA BOOTH NO. 5238 


Toshiba America, Inc., Chicago Office: 1101A Lake Cook Rad., Deerfield, IL 60015 Tel: 312-945-1500 Northwestern Area Office: 2021 The Alameda, Suite 220, San Jose, 
CA 95126 Tel: 408-244-4070 Eastern Area Office: 67 South Bedford Street, Suite 200W, Burlington, MA 01803 Tel: 617-272-4352, 5548 
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__ PRODUCT MAR 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


Ho00 
ona 


We G 

1. Membrane Keyboard : 
2. Flexible printed circuit board| 
3. Plastic name plates and Labels} 
4. Connector, 2 pins to 24 pins.| 
5. Metal dome switch 6-136 | 
6. Solder pins. 


HONLEX INDUSTRIAL CO., LTD. 

ADD: NO.3, LANE 10. PIENG HO RD., CHUNG HO CITY TAIPEI HSIEN. TAIWAN, R.0.C. 
FAX: (02)2235739 CABLE: "HSUCH” TAIPEI 

TEL:(02) 2235737-8 TELEX: 27722 JOENUNG 


CIRCLE NO 325 


What you should know 
about NiCad Battery Packs. 


FREE 


What you 
Should know about 
NiCad battery packs. 


This 12-page booklet tells you how: 


e You can make battery packs last longer 
e Your storage system may be robbing 
battery life 
Proper disposal prevents accidents 
Why and how NiCad battery packs work 
Why today’s battery packs are more 
reliable than yesteryear’s battery packs 


Powering Your Portable World 


OD i 
ge Alexander Batteries 
“ZT NEW PRODUCL/OFEM DIVISION 


P.O. BOX 28880, SAN DIEGO, CA 92128 619-480-4445 FAX 619-480-1350 


CIRCLE NO 328 


Ultraminiature 
Surface Mount Trimmer 


@ Sealed Unit 

@ Infinite Resolution 

e Rotors can be color coded for easy 
identification in manufacture and test 

@ Ultraminiature — .0237 in. surface area 


Call for prompt quotation 


612/222-2791 


FAX 612/222-7639 wg 
WILBRECHT ' 


ELECTRONICS, INC. 


346 Chester Street » St. Paul, MN 55107 
See us at WESCON Booth #814 
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IBM PS/2 
PROTOTYPE BOARD 


¢ FOR IBM PS/2 — MODELS 50 & 60 $39 95 


¢ OVER 3000 1/10” SPACED HOLES WITH SOLDER PADS 
e HAS 16-BIT AND VIDEO BUS INTERFACE EXTENSIONS 


¢ HOLES AND PADS FOR MOUNTING UP TO A 39 PIN 
D-TYPE CONNECTOR AT REAR OF BOARD 


¢ POWER AND GROUND BUSES AROUND EDGE OF 
BOARD ON BOTH SIDES OF BOARD 


e¢ IN STOCK — COMES WITH PLASTIC RETAINERS 


NVS CO. 


2124 ARBOR DRIVE NEW PORT RICHEY, FL 34655 
(813) 376-8191 
TERMS: MONEY ORDERS, CHECKS, C.O.D. OR P.O. TO 
ESTABLISHED COMPANIES. 


IBM AND PS/2 ARE REGISTERED TRADEMARKS OF 
INTERNATIONAL BUSINESS MACHINES CORPORATION. 


CIRCLE NO 329 


TODD : BBRKET SPECIE 
Serco PORES SUPPLIES 

Start Your Mest OEM Product De 7 
sth A Power Supp Desa For Your a 


Switching 
saae= | POWer 
=_....| Supply 
| Catalog 


¢ Complete performance data for 46 multiple output switch- 
ers (160 to 700 watts), 16 single output switchers (150 to 
520 watts; 5-48 volts) ¢ Up to 31% smaller packages with 
power densities to 4 watts/in? for design flexibilities ¢ Orga- 
nized for easy selection by recommended primary OEM 
product application. 


For your free catalog, call 1-800-223-TODD, 516-231-3366, 


TODD 


PRODUCTS CORP. 
50 Emjay Blvd., Brentwood, NY 11717 


CIRCLE NO 327 


PRODUCTION 
LANGUAGES CORP. 


PRODUCTION QUALITY 


68020 
ANSI C Compiler 


@ Full 68020 instruction set 

@ Full 68881 support 

@ ANSI Standard reentrant library 
Extensive Sybolic Debug information 
Internal consistancy checking 
Position independant code 
ROMable code 


PC Hosted cross-compiler 

2 user license $1500.00 
VME Hosted native compiler 

single CPU license $1500.00 
ANSI standard reentrant 

library source code $800.00 


SPECIAL OFFER 


For a limited time only we are offering full 
library source FREE with the purchase of either 
68020 C compiler 


817-599-8366 
P.O. Box 109, Weatherford, Texas 76086 


CIRCLE NO 330 


To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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ptions from simple i inve 
rolling code scrambler. 


NX: COM, INC. 


TOLL FREE 1-800-638-5577 


CIRCLE NO 340 


IBM COMPATIBLE RS232 EASI-DISK 
3%2-5%2" FLOPPY DATA STORAGE & 
TRANSFER SYSTEM 


Information Transfer to/from Non IBM Compatible Systems 
to/from IBM & Compatibles: (Over RS-232 or 488 Interface). 


e Reads & Writes MS DOS Disks 

¢ RS-232/488 I/O 

¢ Rugged Portable Package/battery option 
¢ ASCII or Full Binary Operation 

e Baud Rate 110 to 38.4K Baud 

e Automatic Data Verification 

e Price $895 in Singles—OEM Qtys. Less. 


28 other systems with storage from 100K to 35 megabytes. 


ANALOG & DIGITAL PERIPHERALS, INC. 
ADP I 815 Diana Drive Troy, Ohio 45373 
513/339-2241 TWX 810/450-2685 


CIRCLE NO 343 


.025” SQ. POST HEADERS AND SOCKETS 
IN LARGE SELECTION OF BODY STYLES 
Samtec’s low cost .025” square post headers and sockets 
are available in a wide variety of body styles. The strips may 
be ordered in standard sizes of 36 pins for a single row and 
72 pins for a double row. For shorter lengths utilize Samtec’s 
easy instant break-away feature to snap strips to desired 

length - even 1 or 2 positions. 

Strips are available shrouded or unshrouded, straight or right 
angled, single or dual row. Plating is gold, tin or selective 
gold/tin. Body material is Du Pont Rynite PET polyester 
suitable for high temperature soldering applications. 
Prices start at $.03 at the 1K pc. quantity. For more informa- 
tion contact: SAMTEC, iNC., P.O. BOX 1147, NEW ALBANY, 
IN 47150 U.S.A. OR PHONE: (812)944-6733 TELEX 333-918 


CIRCLE NO 346 


Station Road ¢ Winston-Salem, NC 27105-1201 
TOLL FREE 1-800-638-5577 e (919) 744-5050 


CIRCLE NO 341 


— 
FOR IBM®PC/XT/AT 
PC-BASED LOGIC 
Mm ANALYSIS SYSTEM 
4m 24 CHANNELS; 
Sd = 100MHz 
m@ A NEW STANDARD 
AND CONCEPT OF 
L.A. OPERATION 
@ EASY-TO-USE WITH 
ONLINE HELP MENU 


* 8CH at 100MHz 8176 bits/CH ww 
* 24CH at 25MHz 2044 bits/CH OMS 
* FOUR LEVELS SEQUENTIAL ar 
TRIGGER rer 
* MORE THAN 4,000 COMBI - WIZ 8 ;-—__ is 
NATIONS OF TRIGGER CO = —titu tt |Jastracecnmacamacanmeammcsa5' 
NDITIONS me Sto ap, 


tae ee 
anal atgeg eat alan, | 


WSL Pune 
* DATA QUALIFICATION TO yg [AMY 
RECORD ONLY EVENTS OF = ay jee 


INTEREST 


* FAST SCROLLING AND PAGING 

* QUICK SEARCH AND LOCATE FEATURE 
* BIN/OCT/HEX/ASC il DISPLAY BASE 

* HARD COPY 


AGENT WANTED! AGENT WANTED! AGENT WANTED! 


@ €XELEN INDUSTRIAL INC. 
ube P.O. BOX 24-650 Taipei Taiwan R.O.C. 
Tel: 886-2-7529819/7714867 
CIRCLE NO 344 


FAX: 886-2-7529768 ' TIx: 10305 AXELEN 
$249. TERMINAL 


fz fo fo Juul if | 
fats |e Jauufrs ra, 
1s} 2 | s Jan} es | ro 
sil o |s2]..[r7} ra) 


¢ Standard RS-232 Serial Asynchronous ASCII Communications 
* 48 Character LCD Display (2 Lines of 24 Each) 
«24 Key Membrane Keyboard with embossed graphics 
* Ten key numeric array plus 8 programmable function keys 
* Optional RS-422 multidrop protocol mode 
«Keyboard selectable SET-UP features —baud rates, parity, etc. 
* Size (5.625” W x 6.9"D x 1.75”H), Weight 1.25 Ibs. 
*5 x 7 Dot Matrix font with underline cursor 
* Displays 96 Character ASCII Set (upper and lower case) 
¢ Optional Bar Code Wand (shown) 


COJMPUTERTIGSE, inc. 


302 N. Winchester » Olathe, KS 66062 ¢ 800-255-3739 »* TELEX 705337 
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Featuring 


vy. 


Pfiltering, and easy P interface. 
ow in both DIL and PLCC. 


NX: COM, INC. 


TOLL FREE 1-800-638-5577 


CIRCLE NO 342 


smARTWORK® PCB SOFTWARE. In a fraction of the time 
hand taping requires, create double-sided printed-circuit 
boards with smARTWORK and your IBM PC. The program’s 
features include interactive routing, autorouting, continual 
design-rule checking, automatic pad shaving, a silkscreen, 
and text for all three layers. smARTWORK is $895 and comes 
with a 30-day money-back guarantee. Credit cards accepted. 


Wintek Corporation 
1801 South Street, Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 


CIRCLE NO 345 


<7 CMOS CONTROL 
COMPUTER 


SBS-1000 has turbo speed, 20K industrial BASIC. 
Runs 5 times faster than BASIC-52 systems. All 
CMOS with Z80 CPU, EPROM/EEPROM program- 
mer, 96K static RAM, 2 RS-232C serial ports, 32 
lines digital 1/0, 4 channels-12 bit A/D, battery 
backed calendar clock, keypad and display ports, 
expansion port, autorun mode, interrupts handled 
by BASIC, industrial quality, 5V and stand alone 
Operation. From $396 in 100s. 


For Immediate Response: 303-426-8540 


OCTAGON SYSTEMS 6510 W. 91st Ave. 
CORPORATION Westminster, CO 80030 
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THE WIDEST RANGE OF DIGITAL SIGNAL 
PROCESSING TOOLS AVAILABLE... 


SPECTRUM 


DSP Development Systems: 

¢ TMS32020 & TMS320C25 Dev't Systems 

¢ DSP-16 Real Time Data Acquisition Processor 
(TMS32020/C25) 

¢ 77230 Development System (NEC »PD77230) 

e ADSP2100 Development System 

¢ DF-1 Dataflow Processor (NEC »PD7281) 

DSP Applications Systems: 

¢ 77230 Co-Processor (NEC »PD77230) 

e 2-Channel & 4-Channel Data Acquistion 

Voice Systems: 

e «PD7763/64 Speech Recognizer/Synthesizer 

e Speech Synthesis Module 


SPECTRUM @M§ SIGNAL PROCESSING INC 


Boston: 1-800-323-1842 or 890-3400 
USA, West: 1-800-663-8986 
In Canada: (604) 438-7266 
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DF-1 DATAFLOW PROCESSOR 

DSP development & applications with world’s first 
dataflow chip. Four 10MHz NEC »PD7281 Dataflow 
Processors, 20 MIPS ALU power, 20 MIPS Flow Con- 
trol 64k x 18 RAM, PC access via »PD9305 MAGIC 
chip, DMA interface with PC’s controller. Complete 
with menu-driver DFOS monitor program, ‘C’ Library 
Assembly language drivers, demo software. 

US $1,495 


SPECTRUM 
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TWO-IN-ONE 


EPROM MULTIPROGRAMMER™ 
only $995.00 


BYTEK’s S125-EG is a SET EPROM PROGRAMMER that’s also a GANG EPROM 
DUPLICATOR. 
DESIGN ENGINEERING TOOL provides SET Programming of 16 & 32 bit words. Multi- 
ple EPROMs with different sets of data can be programmed in one easy operation. 
STAND ALONE: 25 Keys/32 char. LCD provide User Friendly operation to EDIT, SPLIT 
or SHUFFLE Data. RS232 PC Interface: Operates from aPC or terminal. Optional IBM 
PC driver. 
PRODUCTION GANG EPROM PROGRAMMER: Duplicates up to 8 devices from RAM 
or Master. (Optional 16) 
RAM: 64K bytes (512K bit), expandable to 1 Meg. 
VERSATILE: MOS/CMOS/NMOS EPROM/EEPROM, 24 & 28 pin devices. Options for 
32 & 40 pin devices. 
Free Device Support Updates. 1 Year Warranty. 
FOR IMMEDIATE DELIVERY ORDER TOLL FREE: 
1-800-523-1565 (In FL 305-994-3520) 
BYTEK Corporation 
1021 S. Rogers Cir., Boca Raton, FL 33487 
FAX: (305)994-3615 TELEX: 4998369 BYTEK 


See Us At WESCON Booth 5500 
CIRCLE NO 755 


TMS 320C25 DSP 

DEVELOPMENT SYSTEM 
IBM-PC based DSP development system for Tl’s 
TMS320C25. With 16-bit 50KHz A/D & D/A, sample 
and hold, 16K x 16 RAM (35ns) expandable to 128K on 
board, I/O expansion. Supports multi-board applica- 
tions. Debug monitor provides single-step, break- 
points, and full speed operation. US $2,595. Tl’s 
Macro Assembler/Linker avail sep. US $395. 


SreEecTRUM 
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77230 DSP 
DEVELOPMENT SYSTEM 

DSP development for NEC «.PD77230 (CMOS 32 bit 
floating point DSP). IBM-PC plug-in board with 
uPD77230, COMBO/CODEC with on-chip A/D, D/A, 
anti-aliasing & reconstruction filters, prototype area, 
12K x32 RAM expand. to 48K on-board, 4 MHz serial 
\/O interface. Complete EDSP Dev’t S/Ware: debug 
monitor, Signal Generator, ‘C’ Library, Plotter. 

US $1,995 


SreEecTRUM 


CIRCLE NO 753 


SUB MINIATURE DC-DC CONVERTERS 
Small in Size — Low in Price 


NEW from NEWPORT! 
Save board space and cost with the NEWPORT 
range of DC-DC converters. The latest surface 
mount technology offers more power in a smaller 
package at a lower price. 
Inputs: 5V, 12V, 24V and 48V 
Outputs: +5V, +12V, + 15V up to 1 Watt 
Available in SIP or DIP versions, fully isolated, high 
efficiency. All components 100% burned-in and 
triple tested. 

SEND FOR DATA SHEET 
ALBAN Inc. 
2336B Walsh Ave., SANTA CLARA, CA 95051 
Tel: (408) 988-3949 FAX: (408) 988-3986 
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RF CONNECTORS AND CABLE ASSEMBLIES 

Trompeter Electronics’ revised 72-page catalog covers over 33 
families of RF connectors and cable assemblies. Connectors and 
their accessories are presented in bayonet, threaded, or patching 
types to fit coaxial, twin-axial, or triaxial cables. They are shown 
in subminiature, miniature, and standard sizes. Included are 8 
technical pages to help select cable. Trompeter Electronics, 31186 
LaBaya Drive, Westlake Village, CA 91359. (818)707-2020. 
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HIGH POWER 
500 to 1500 Watt Switchers 


@ 1 to 5 Outputs 

@ User Selectable 115/230 VAC 
@ Standard 5 x 8 inch package 
@ Complete Output Protection 
@ UL, CSA, & TUV 


[ea eeersucrs | 


POWER PROOUCTS oivision 
2981 Gateway Dr., Pompano Beach, FL 33069 
Tel: (305)974-2442, Fax: (305)971-1837 
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RS-232/422 ADAPTER 
THIS UNIT CONVERTS RS-232C SERIAL COM- 
MUNICATIONS COMMONLY USED BY DEVICES 
SUCH AS COMPUTERS, TERMINALS, AND 
PRINTERS TO RS-422 LEVEL SIGNALS. SERIAL 
COMMUNICATIONS CAN BE EXTENDED UP TO 
4000 FEET. THE ADAPTER PROVIDES RS-422 
MULTI-DROP CAPABILITIES. 
MICTRON INC. 
1624 MEIJER DR., TROY, MI 48084 
313 288-6060 EXT. 258 
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aaa Design 
ae SCope™ 


Save time and money as you speed up 
System level design. Analog and digital 
systems can be assembled, simulated, 
changed, and resimulated in a matter 
of minutes. Waveforms can be im- 
ported/exported via text files. Includes 
up to 16th order VC filters (with 
response plots), PLL's, VCO's, digital 
logic gates, FFT's, dual-trace oscillo- 
Scopes, amplifiers, comparators, and 
more. DesignScope, system level 
simulation on any Macintosh with at 
least 512K, is $250. Demo disk: $10. 


ps 
je 
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SCULPTURED® FLEXIBLE CIRCUITS 
SAVE UP TO 45% OF TOTAL 
INTERCONNECT SYSTEM COSTS. 
Sculptured flexible circuit terminations from ACT are 
integral to the circuit traces...not addedon! Cost savings 
can be as high as 45%, because added termination hard- 
ware, parts inventory, installation labor and costly in- 
spection procedures are minimized. 
Sculptured flexible circuits are versatile, reliable inter- 
connections requiring limited tooling. Choice of circuit 
design, conductor width, pin shape, density and finishes 
is virtually unlimited. 
For more information, call our toll-free number 
“‘800-234-FLEX’’or write Linda Freisinger-Baird, Direct 
Marketing Coordinator, Advanced Circuit Technology, 


(818) 884-6911 / (800) 345-0519 P.O. Box 547X, Nashua, NH 03061. 
CIRCLE NO 758 CIRCLE NO 759 


SCHEMA II —— 
Schematic Capture 


—>— 


BrainPower, Inc. 


SW REGULATED, SINGLE & DUAL OUTPUT 

ECONOMY DC/DC CONVERTERS, E SERIES 

© SW Max. Output @75°C ¢ +0.3% Line/Load Regulation 
Ambient ¢ Short Circuit Protection 

© Single and Dual Output Models ¢ 20mV P-P Typ. Output Ripple 

¢ 5 Input Voltage Ranges and Noise 


FREE Demo Disk: 1-800-553-9119 
SCHEMA’s success is the talk of the CAE industry 
and thousands of satisfied SCHEMA owners know 
why. Incredible speed, ease of use, and power have 
made SCHEMA a best-selling schematic capture pro- 
gram for engineering professionals the world over. 


Now, SCHEMA II is available. e Internal Pi Filter ¢ 2”x2”x.375” 6-sided shielded 
(a, SCHEMA II sells fe ae - sup- Z 100MOhms @SQ0VDC Isolation —_ case 
EEE, e Efficiency @ FL 70%, Typ. ¢ Optional ON/OFF Control for 


ports most common IBM PC/XT/ 
AT configurations. Please call today 
for a free SCHEMA II demo disk. 


— OQMATION 


In Texas Call (214) 231-5167 


CIRCLE NO 761 


e Industry Standard Pinout 
¢ 5 Output Voltage Ranges 
Prices from $44.00 ea. (100’s), Delivery stock to 3 wks. ARO 
CONVERSION DEVICES, INC. 
101 Tosca Drive, Stoughton, MA 02072 
Tel. (617) 341-3266, TLX 920014 
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Battery Operation 


FULL RANGE OF DC - DC COVNERTERS 
0 to 25 WATTS 


Your Source for DC - DC Converters as following: 
UM 200, UM 300, UM 400, UM 500 and UM 600 series. 


Features 

¢ Output power ranging from .5 - 2.5 Watts 

¢ Standard output: single and dual optional : triple and quad. 
¢ High Isolation Voltages Standard; 500 VDC optional : Up tp 3000 VPP 
¢ Pi input filter © Regulated Output ¢ Low ripple & noise 

* Short circuit protection 

* Special Series for Ethernet & cheapernet Application 


Custom design orders are welcome!! 
UNIVERSAL MICROELECTRONICS CO., LTD. 
3, 27th Rd., Taichung Industrial Park, Taichung, Taiwan, R.O.C. 


TEL: (04) 251-0096 . 251-0100 . 251-0103 
TLx: 57477 UMEC FAX: 886-4-254-7129 
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HIGH SPEED PULSE GENERATORS. This free 

new 80 page catalog describes over 150 models of 

ultra high speed pulse generators, impulse genera- 

tors, monocycle generators, samplers, delay gener- 

ators and accessories such as transformers, power 

splitters and scope probes covering the PRF range 

of 0 to 250 MHz, rise times from 40 psec to 10 nsec, 
pulse widths from 130 psec to 100 usec and ampli- 

tudes from 5 to 400 volts. 


AVTECH ELECTROSYSTEMS LTD. 
P.O. Box 5120 Stn. F 
Ottawa, Ontario, Canada K2C 3H4 
(613) 226-5772, TLX: 053-4591 
FAX: (613) 226-2802 
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HSC-9160 Graphic CRT Terminal Card 
Variable resolution to 640 by 300 dots, multiple and 
downloadable character fonts. Two serial ports pro- 
grammable to 38.4K baud, RS-232 and TTL/CMOS 
levels. Enhanced ANSI X3.64 control sequences. 
Configurable from host, on card switches or from 
keyboard. Composite or separate video and an IBM 
PC compatible keyboard input. The 100 by 160mm 
card requires 5V only. $235/ea, quantity discounts 
and cable assembles available. 

Heritage Systems Corp. 
P.O. Box 10588 
Greensboro, NC 27404 
(919) 274-4818. Telex via WUI 6503057397 
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E(E)PROM PROGRAMMER $495 


¢ Built in Timer Eraser option ($50); Foam pad; 
¢ No personality modules; Menu selection of devices: 
¢ User friendly software; Complete help menu: 
¢ Direct technical support; Full 1 year warranty; 
* Stand alone duplication & verify (24/28 pins); 
¢ Quick pulse algorithm (27256 under 60 Sec); 
¢ All 24/28 pin parts to 1 Mbit; CMOS, EEPROMS; 
° 8741, -2,-4,-8 ,-8H,-9,-9H, -51,-C51,-52,-55, 9761 & more 
¢ IBM-PC, Apple, CPM or Unix driver; Autobaud RS$232: 
° Offset/split Hex, Binary, Intel & Motorola 8, 16, 32 bit: 
¢ Kits from $95. Manual with complete schematics. 
Call today for datasheets!! 
B&C MICROSYSTEMS 
355 WEST OLIVE AVE., SUNNYVALE, CA 94086 
Ph: (408) 730-5511 VISA & MC 
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ss 


PC BOARD TRACE AMMETER 
Solve your next printed circuit test or analysis problem 
twice as fast by measuring trace currents in addition to 
voltages. 

The IEX-1500 uses a single four-point probe to measure 0 
to 1500 milliamps DC with 1 milliamp resolution in un-cut PCB 
traces. It does not depend on in-line resistors, field measure- 
ments or knowledge of trace resistance. 

Operation is as simple as placing the probe on the trace and 
reading the current. 

CALL FOR RISK FREE TRIAL: (904)-335-7730 


WAYNE ENGINEERING 
5426 NW 32ND STREET 
GAINESVILLE, FL 32606 
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PAL®/EPLD 


PROGRAMMER 


From 
$689.00 


tand Alone/RS-232 Programs and Verifies 


0/24 pin PLDs from MMI, TI, National 
sypress, Lattice, AMD, Altera 
AL is a registered trademark of MMI. 


From A Name You Can Trust 
LOGICAL DEVICES INC. 


1321 N.W. 65th Place 
Ft. Lauderdale, FL 33309 


1-800-331-7766 (305) 974-0967 
Telex 383142 Fax (305) 974-8531 
CIRCLE NO 767 


CROSS-COMPILERS 


m Field-proven, reliable software 
m Runs on VAX, Sun, PC/XT/AT 


m Includes compiler and optimizer, 
relocating assembler, 
linker/librarian, run-time C 
library, and various utilities 


™ 


Okapi Systems, Inc. 
P.O. Box 3095 « Everett, WA. 98203 
(206) 258-1163 
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Construction 
Cuts Cost, 
Increases Strength, 
Reduces Weight 


Send for our new Engineering Design Guide. It 

contains the do’s and don'ts for designing with 

welded wire. And it is loaded with tips for using 

steel wire construction to replace sheet metal, 
plastic or castings. 

pS at E.H. Titchener & Co., 

py / 28 Titchener Place, 

we, P.O. Box 1706, Binghamton, NY 
13902, Phone: 607-772-1161. 
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NEW LOW PROFILE TRACKBALL 
The Model 625 low profile trackball uses a 
large 2.5 inch diameter ball while keeping the 
below panel space to 1.5inches. It provides for 
quadrature square wave output for each axis. 
Cursor positioning tasks are quickly ac- 
complished because nearly 40% of the ball is 
exposed making both slewing and precise 
positioning easier. 

Measurement Systems, Inc. 

121 Water Street, Norwalk, CT 06854 

(203) 838-5561 
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Great Designs Start With 
Tango-Schematic." Just $495. 


Designs quickly come to life with Tango-Schematic’s easy- 
to-use drawing editor and extensive component libraries. 
Features four line types, four text sizes, repeat and block 
functions, unique built-in word processor. Includes DRC, 
BOM, Wire List, Net List outputs and crisp plots, prints, or 
laserprints. The perfect front end to our popular 
Tango-PCB and Tango-Route board design systems. 

For IBM PC/XT/AT/PS2. Just $495. Full-function Demo 
Package: $10. Order toll-free 800 433-7801. VISA/MC. 
Thirty-day money back guarantee. 


ACCEL Technologies, 7358 Trade St., San Diego, CA 92121 
Outside N., S. America contact HST Technology (Australia) 
Phone: 61-02-34-8499 FAX: 61-02-23-8771 
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ARTIFICIAL INTELLIGENCE TECHNIQUES 


AutoPCB 3.1 is a professional quality, PC-based PCB 
design system. No co-processor board is required. It 
features schematic capture, interactive part placement 
and route editing, and includes AutoROUTE, a powerful 
autorouter that uses artificial intelligence techniques to 
identify optimal routing patterns, such as the S turn and 
C patterns shown above, as part of the routing process. 
Alllayers of multilayer boards are routed simultaneously 
(up to 24). Post processors for photoplotters and drill 
tapes are available. A large, 4500 component part library 
lets you start designing boards immediately. A 30-day, 
full refund guarantee is provided. 


PRO. LIB, Inc. 
624 E. Evelyn Ave., Sunnyvale, CA 94086 
Tel. (408) 732-1832, FAX 408-732-4932 
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Spra 
P Surtcoil 
And Wirewound 
Inductors 


«High Q ¢ Low DC resistance 

e High SRF _ « Wide range of values 

¢ Surfcoil surface mounting and leaded 
(axial, radial or vertical) available 

¢ Inductances from 0.22 to 1000uWH 


SPRAGUE Sprague-Goodman Electronics Inc. 
(An affiliate of the Sprague Electric Company) 
G 0 0 D man The First and Last Name in Trimmer Capacitors 


134 Fulton Avenue, Garden City Park, NY 11040-5395 
516-746-1385/TWX: 510-600-2415/TLX: 14-4533 
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Glide Through PCB Design. 


TangoPCB Create the toughest board designs 
with powerful layout software that’s a snap to use. 
Function-rich Tango-PCB supports eight layers, 1 mil 
grid, OrCAD™ or Schema” netlist input, print/plot/ 
photoplot output, and more. 


TangoRoute “Get impressive completion rates 


and remarkable speed with Tango-Route, a four layer, 


eleven pass autorouter. Just $495 each 


For IBM PC/XT/AT/PS2. Compare features and you'll buy 
Tango. Or try full-function Demo Package, just $10. 
Order toll-free: 800 433-7801. VISA/MC. Thirty-day 
money back guarantee. 

ACCEL Technologies, 7358 Trade St., San Diego, CA 92121 


CIRCLE NO 771 


a 


NOW - MINIATURE AT 


QUARTZ CRYSTALS 
m@ 32.0 MHz - 28.0 MHz - 24.0 MHz 

m@ 20.0 MHz - 16.0 MHz - 14.328 MHz 

mw 12.0 MHz - 11.0592 MHz - 10.0 MHz 

m SURFACE MOUNTABLE OR WITH LEADS 

m@ MIL TEMP RANGE AVAILABLE 

m RUGGED CERAMIC PACKAGING 

m CLOSE TOLERANCE & LOW DRIVE CURRENT 


THE ONLY NAME YOU NEED TO REMEMBER IN QUARTZ 
CRYSTALS AND CRYSTAL OSCILLATORS IS STATEK! 


_ ti STATEK CORPORATION 
STATEK 512N. Main St., Orange, CA 92668 
(714) 639-7810 
Made in the U.S.A. - Ship from stock 
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e-Goodman 
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SILICONE RUBBER PADS 
FLEXIBLE PRINTED CIRCUIT 
O.€.M. KEYBOARD ASSEMBLIES 


ENCOUNTERS 
PRODUCTS CORP. 
G6/F., Diamond Mansion, 20, 
Hsing An St. Taipei, Taiwan, R.O.C. 
Tel: (02)5031876 [4 lines] | 

Telex: 26267 ENCOUNTS 

rex: S672 -SOeaso1 
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SAVE SPACE WITH Q/PAC® COMPONENTS 

e Provide built-in capacitance 

e Eliminate decoupling capacitance 

e Gain 4-layer board quietness 
with 2-layer economy 

e Vertical or horizontal mounting 


Send for Rogers Q/PAC® 
Application Bulletin. 


Rogers Corp., 2400 S. Roosevelt St. 
Tempe, AZ 85282 602/967-0624 
CIRCLE NO 779 


“D" SIZE PLOTTER 


$2295% 
RETAIL 


toga 
INTRODUCTORY 
0) 


¢ Model PC 3600 

e Repeatability .001” 

e Speed at 7” Per Second 

e Vacuum Paper Hold Down 


¢ High Resolution Circles: Suitable for 
PCB Artwork 


(415) 490-8380 ZERICON 
4423 ENTERPRISE ST. ¢ FREMONT, CA 94538 
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OVER 12 MEGABYTES/SEC 
DISK TRANSFER RATES 
APPLICATIONS 


COMPUTERS 

e Real time imaging e Q-Bus 

e Supercomputer data storage e UNIBUS 

e High speed satellite e MULTIbus 
communications storage e VERSAbus 

e Medical imaging e VME bus 

e Flight/vehicle training simulators e PC/AT 


CALL FOR DETAILS (714) 557-1862 


== STORAGE 
= CONCEPTS 


3198G Airport Loop Drive 
Costa Mesa, CA 92626 
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Flow 
Charting II+ 


The New Plus 
for Fast 
Flowcharting 


= FLOW CHARTING 
is new! It’s now 
Flow Charting II+, with more speed 

+ more functions + more printing options; 
* 10 text fonts; 26 shapes; * Line mode can stop 
at a shape; ¢ Backspace key can erase a line to 
its origin; * Free text entry anywhere, or select auto- 
centering; * Vertical or horizontal printing; one 
chart or multiple charts. 
Used by Fairchild, Bechtel and more than 
500 other major corporations. Edit quickly 
and accurately — even major edits — with 
Flow Charting II+, the Specialist. 
See your retail store or call: 


PATTON & PATTON 


Software corporation 
800/672-3470, ext. 897 California 
800/538-8157, ext. 897 National 
408/629-5044 Intemational) 
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Plug-in anywhere, anytime, with TPI’s wall or desk 
top power sources. AC-DC regulated. AC-DC unreg- 
ulated. AC-AC. 

UL-CSA listed Low OEM prices 
Take the worry of obtaining UL and CSA away by 
using TPI’s wall or desk top power supplies. 
Ideal for modems, test equipment, calculators, 
microcomputers and much, much more. 


If you have any questions please call or write: 


Total Power International, Inc. 
418 Bridge Street 
Lowell, MA 01850 
Telephone: (617) 453-7272 
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or all your telecom 
equipment design needs: 


@ Call Progress Tone Detectors & Generator 
CMOS detectors for telephone system tones 
(dial tone, ringback, busy, special information); 
CMOS generator for standard call progress 
tones. 


@ DTMF Receivers ae 
High quality receivers for all applications. 


@ MF Receivers & Generator 
CCITT R1 & R2 receivers; CMOS generator IC. 


@ DC Signalling Products 
Line sense relay; Dial pulse counter & hook 
status monitor IC; Binary input pulse dialer IC. 


TELTONE’ 


10801-120th Ave. NE, Kirkland, WA 98033, (206) 827-962€ 


1-800-426-3926 
CIRCLE NO 778 


Join Forces 


Combine your 
larger ads with 
EDN Product Mart ads 
for a total 
marketing program. 
¢ 


EDN Product Mart 


CIRCLE NO 781 


A full range of inverters from 50 VA to 1 
KVA, with variable voltage, variable fre- 
quency, solid state, self-cooling, contin- 
uous rating, provide conversion of DC 
power to pure sine wave AC power -— 
designed for critical applications requir- 
ing high quality, such as television, tele- 
phone, teletype, tape drives, computer 
terminals, microwave systems and in- 
strumentation. 
For more information call: 301-699-1144, 
FAX: 301-699-8107, 
or write: 4714 Upshur Street, 
Bladensburg, MD 20710 
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IEEE-488 


MXI-400 . 


e GPIB controller board for IBM 
PC/XT/AT 

e Control up to 14 Devices 

e User friendly Software Commands 

e DMA Transfer to 200k byte/sec. 


$345.00 including software 


QUA TECH, INC. 


478 E. Exchange St. Akron, OH 44304 
(216) 434-3154 TLX: 5101012726 


800-553-1170 
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|6-BIT CMOS SINGLE BOARD COMPUTER 
‘The LPM-SBC50 is an all CMOS STD Bus 
/-50 (CMOS 80186) SBC featuring 1M byte 
iddressing, DMA, 32-pin memory sockets, 
serial RS-232/422 channel, 3 timers, 24 
yarallel I/O lines, real time clock, and watch- 
Jog timer. —40° to +85°C operating 
emperature. Very low power consumption. 
Available as NMOS/TTL or CMOS from 


WinSystems, Inc. 
P.O. Box 121361, Arlington, TX 76012 
(817) 274-7553 
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AFFORDABLE 
‘FREE, | Sleineenne 


AND APPLICATIONS GUIDE 


PC/MSDOS — Macintosh — CP/M 


ACNAP — $425.00 | LCFIL — $95.00 
AC Network Analysis, Component LC Filter Design/Analysis/Synthesis 


Libraries, Macros, AUTO Execute 
DCNAP — $95.00 Logic Circuit Design/Simulation 


DC Network Analysis, Component RIGHTWRITER — $95.00 


Libraries, Macros, AUTO Execute 


Report Proofreader Program. 
SPP — $4 25.00 Applies 3000 Rules of English 
Signal Processing Program 


Macros, AUTO Execute, Windowing PDP — $95.00 
Scientific Plotti 
PLOTPRO — $72.95 entific Plotting Program 


for Pen Plotters 
Scientific Graph Printing 


TEKCALC — ‘95.00 
PCPLOT3 — $95.00 Programmable Scientific 


High Resolution Engineering Calculator/Statistics/Curve-fitting 


Graphics Package 
COMCALC— ‘72.95 
LOCIPRO — $95.00 Communications Budget Calculator 


Root Locus Stability Analysis. and Spreadsheet Program 
Multiple, Nested Loops 
XFER — $95.00 


ACTFIL — $95.00 Transfer Function Analysis 


Active Filter Design, Analysis, Synthesis and Circuit Synthesis 


MICRO-3— ‘425.00 | SPANNER — $95.00 


Design & Analyze Microstrip Circuits, Integrated Word Processor, HP41C 
Filters, Hybirds, Couplers, Transformers Calculator, and Scientific Graphics 


BY Engineering @@ SE 
Professional Software (714) 7841-0252 
2200 Business Way, Suite 207, Riverside, CA 92501 U.S.A. TELEX-3089864 
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Communicatlens Board 


eFor IBM-PC/AT/XT and 
compatibles 

eDual RS-422/RS-485 interface 

¢Differential drivers to 4000 ft. 


Fast Delivery 
QUA TECH, INC. 


478 E. Exchange St. Akron OH 44304 
(216) 434-3154 TLX: 5101012726 


800-553-1170 
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= Strain gage 


Call free 
800-323-7115 
In PA, 800-323-7114 


| ® 


Robinso! He 


A Subsidiary of Teleflex Incorporated (USA) 
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In-Circuit Emulators! 


NEW" 68010 
68000 Z80 Z80+ 
8085 8088 
NSC800 


Real time or single step execution. 
Small enough to plug into pP socket. 
RS-232 interface to terminal or PC. 
Up/download HEX/S-record files. 


Hardware or software break points. 


$550 to $1995! 


Nicolet 800-NICOLET (642-6538) 


or 608-273-5008 
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WAVEFORM 
SYNTHESIZER > 


e For IBM-PC/XT/AT and 
compatibles 

e Generates user-definable signal 

e Up to 2000 points per envelope 


$795.00 
QUA TECH, INC. 


478 E. Exchange St. Akron OH 44304 
(216) 434-3154 TLX: 5101012726 
800-553-1170 
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KEY TO PCAD™ SOFTWARE 


e Hardware decoder for all PCAD™ software 
¢ 100% protocol compatible with PCAD™ security device 
e Used through system RS232-C input port 
e Also provides RS232-C input for your mouse 
e One PC-WIZZ decoder per PC/XT/AT enables it to run all 
PCAD™ software 
e Price: only $995., shipping included 
e 90 day warranty 
PC-WIZZ SYSTEMS, INC. 
P.O. BOX 2190, HARVARD SQ. 
CAMBRIDGE, MASS. 02238 
1-800-363-8022 


PCAD™ is a trademark of Personal CAD Systems, Inc. 
CIRCLE NO 790 


NOW - THE SQX0 CRYSTAL OSCILLATOR 
m 24 PIN CLCC OR TO-5 

m CMOS OR TTL COMPATIBLE HYBRID CIRCUIT 

m SIZE ONLY .4” x .4” x .06” 

m MIL TESTING AVAILABLE 

m FREQUENCY RANGE OF 10 kHz to 2 MHz 

m SHOCK RATING IS 250g to 5,000g 

m LASER TUNING AFTER ASSEMBLY 


THE ONLY NAME YOU NEED TO REMEMBER IN QUARTZ 
CRYSTALS AND CRYSTAL OSCILLATORS IS STATEK! 
—_ STATEK CORPORATION 
512 N. Main St., Orange, CA 92668 
er 
(714) 639-7810 
Made in the U.S.A. 
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"800 piece price, model MCLAS | 
6800 MPU, serial 1/O, paratiel 1/O, RAM. EPROM, 
pin ds 65 PCR 
EXPANSION MODULES: RAM, EPROM, CMOS RAM/_ 
battery, analog 1/0, serial 1/O, parallel 1/0, counter/ 
timer, IEEE-488, EPROM programmer, floppy disks, _ 
cassette, breadboard, keyboard/display. 


ekeas - 
LA i WIN TEK | 1804 South Stee 0 
; yak 48% | tatayete. IN 47904 
347-742-8428 


(800) 742-6809: *; 
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_ IEEE-488 (GP-IB, HP-IB) FOR 
THE IBM PERSONAL SYSTEM/2™ 


@ High speed DMA and shared interrupts. 
@ Software library. Risk free guarantee. 


Capital Equipment Corp. 
99 South Bedford St. 
Burlington, MA. 01803 
Call today (617) 273-1818 
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PROTECTION? 
~w @ 


and other worldwide approvals 


E-T-A has “THE RIGHT STUFF!” 
© Commercial, Mil & Low Cost Types e Magnetic 
or Thermal @ 0.05 to 400 A, 250V AC or 28V DC 
@ ON/OFF Switch/Breaker Combination e PC 
Board & Snap-in Mounts 


[eoLe/a\ 
CIRCUIT BREAKERS 


7400 North Croname Road, Chicago IL 60648 @ 312/647-8303 
CIRCLE NO 455 


© Control instruments, plotters, and printers. 
@ Supports BASIC, C, FORTRAN and Pascal. 


NEED CIRCUIT 


ELIMINATE DECOUPLING CAPACITORS 


AP-® ELORE COMPONENTS INC 


CAP-BUS® CAPACITOR/BUS BAR 
Eliminate the decoupling capacitors and the 
Power and ground traces from your PCB for 
more reliability. CAP-BUS® has a distributed 
Capacitance of .05 micro-farads per lin.in.,.at 
50 VDC with low inductance and low im- 
pedance. The capacitor and the bus bar have 
been joined together for CAP-BUS®: a more 
efficient capacitive decoupled power dis- 
tribution system, increasing IC density ona 
two sided board. 


ELDRE COMPONENTS, INC. 1500 Jefferson Rd. 
Rochester, NY 14623 
(716) 427-7280 


See Us at WESCON Booths 135-137 
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IBM PC to HP 
file interchange !!! 


1. PCLIF (Rev 2.5) - New release of 
the software utility that allows 
the transfer of files between an 
IBM FC and HP computers using 
floppy disks. 

e 5.25" transfers don't require 
any additional hardware ! 

e 3.5" disk transfers require 
an ISS FDD35 drive system. 

@ runs on the IBM PC, xT, AT 
and the HP Vectra. 

2. FDD35 —- An external 3.5" DS/DD 

floppy disk drive system for the 

IBM PC and XT. 

@ easy connect to IBM PC disk 
drive controller. 
@ can be used by DOS and PCLIF. 


INNOVATIVE SOFTWARE SYSTEMS 
14252 Culver Dr. Suite A-444 
Irvine, CA 92714 
(714) 249.2056 
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MULTIFUNCTION 
INTELLIGENT ANALOG I/O 


Replace as many as three of our competitors cards 
with the RSD7518 which allows you to measure both 
low level & high level inputs & control analog outputs 
with one card. STD bus compatible w. 4 diff. inputs, 
8 SE inputs & 8 outputs, all w. 12 bit resolution. Diff. 
inputs have resistor prog. gain up to x 1000. On-card 
micro. has 13 modes. Memory or I/O mappable. Vec- 
tored interrupt. 


ROBOTROL CORP. 
16100 Caputo Drive, Morgan Hill, CA 95037 
(408) 778-0400 


CIRCLE NO 456 


To advertise in Product Mart, call Joanne Dorian, 212/463-6415 


Don’t Burn, Shoot, or Blow ... 


Program with the EP-1 
EPROM PROGRAMMER 


Ae NN RRNA RNR 


a a 
EPROM. PROGRAIAMER 
eee 
rs RIG ae ae 
i 


Free PCDOS software or RS-232 to any computer. 

Reads, Programs, and copies over 250 EPROM’s 

and EEPROM’s from AMD, Intel, SEEQ, TI, Fujitsu, 

Hitachi, Toshiba, and 21 others. 

© 2716-27512, 27011, 25XX, 28XX, 87XX, 687XX, 
Including CMOS and -A suffix. 

© Programs 87C51, 8749, 8741A, 8742 and other 

microcontrollers with optional heads. 

Splits 16- and 32-bit files. 

Generates and checks checksums. 

Batch mode operation works with Make. 

Reads and Generates Intel, Motorola, Tekhex, 

Straight hex, and binary files. 

© 30 day money back guarantee. 

e UV Erasers from $34.95. 


CALL TODAY FOR MORE INFORMATION 


JS pe 
BP MICROSYSTEMS 


10681 Haddington, #190 / Dept. E1 
Houston, Texas 77043 
(800) 225-2102 (713) 461-9430 Telex: 1561477 
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Small Space 
Advertising 
For Big 
Results 


6 
EDN Product Mart 
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All You Can Expect 
From AYE. : 
A. Professia 


8, 14, 16, 18, 20, 22, 24, 98, 
40-pin and your custom-design 
inquiries will be answered 


immediately. i 
OEM & Overseas 


A.Y Agents Wanted! 


AYE ENTERPRISE CO., LTD. 
No. 56, 5 Alley, 524 Lane, Hua Cheng Rd., 
Hsin Chuang City, Taipei Hsien, Taiwan, R.O.C., 


Cable: AYECO TAIPEI Tel: 886-2-994-9181 
Fax: 886-2-993-1956 Telex: 24559 CLIMAXTP 
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iE BETTER RAM TESTER 


WITH BETTER 
COST/PERFORMANCE 

»>T Model 6400 

DVANTAGES: 


ests most Static RAMs or DRAMs up to 1Mbit. 

\utomatically rejects any out-of-tolerance device (in power consump- 
ion or speed) by testing operating current and access time. 

\ software controlled edge deskew procedure generates the most 
drecise timing waveforms for DRAMs testing. 

fests function with a group of specialized test patterns to detect all 
dossible faults. 

nterface to automatic IC handlers with front panel control sorting 
capability. 

Stand alone or slave to a terminal or computer (via RS-232C) for de- 
tailed test result display or failure analysis. 

Modular architecture eliminates set-up time when changing over from 
one device to another. 

Low cost/high performance with one-year warranty. Price: $2,500. 


romano scan recemncay 47 Gianni Street 
Santa Clara, CA 95054 
FAX: (408) 980-1794 
TELEX: 372 4348 INFO SCAN 
FOR LOW COST/ 
HIGH PERFORMANCE, call: 


(408) 988-1908 
CIRCLE NO 467 


Want 
Attention From 
137,000 
Engineerin 


Specifiers? 
4 


Place your ad in 
EDN Product Mart. 
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PADS PCB 


Pa USA & CANADA ONLY 


=verything you've always wanted in 


a CAD Engineering workstation 
and affordable! 


Inputs from FutureNet™, Orcad™, Schema™ 
1 Mil database, 32 x 32”, 30 Layers 

Routing Grids: 1, 5, 10, 20, 25 & 50 Mils 
1,2 & 3 Tracks between IC Pads 


XT, AT & 386 (and compatibles) 

Full Air Gap & Connectivity Checking 
200 IC Capability (400 IC optional) 
Full SMD & Analog Support 


multiple disks, and detailed manuals 


Outside MA 1-800-255-7814 
Inside MA 1-617-486-9521 


CAD Software, Inc. 


P.O. Box 1142, Littleton, Massachusetts 01460 
CIRCLE NO 694 


* optional 


$975,00 


Interactive and Automatic Placement and Routing” 


Evaluation Kit $50.99: contains actual software on 


Bus Coupling Transformers for 
Ethernet Local Area Networks 


AIE Magnetics’ new series of pulse transformers is 
designed for bus coupling Manchester encoded data 
in the frequency range of 1 to 10 MHz to a 78 ohm 
shielded twisted pair bus in conformance to IEEE 
Standard 802.3. They are suitable for both the data 
and control channels and with proper terminating im- 
pedances may couple either a twisted pair AUI or 50 
ohm coaxial cable trunk. Available in single and three 
transformer styles. 
AIE Magnetics 
2801 72nd Street North 
St. Petersburg, FL 33710 
813-347-2181 


CIRCLE NO 468 
PGA & LCC PROTOTYPE 


TEST ADAPTORS - VLSI 
lronwood’s line of VLSI prototype adaptors 
allow prototyping of devices from 24 pin (video 
RAM ZIP), Shrink DIP, to 240 pin PGA, PIP 
families 80X86 and 680X0 along with many 
other patterns. Annotated test adaptors for 
68010, 68020, 80186, 80386. All gold Machin- 
ed pins / most wirewrap panel patterns. 
Customs - quick turnaround. 

IRONWOOD ELECTRONICS, INC 
P.O. BOX 21-151 
ST. PAUL, MN 55121 
(612) 431-7025 
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SCSI BUS INTERFACE MODULE 


The SBSxSCSI provides the industry standard 
SCSI interface (ANSI X3T9.2) on a single- 
width SBX module. Intel iSBX™ multimodule 
(IEEE P959 I/O Bus) compatibility assures you 
of areliable connection to your host board. A 
software driver example is available to simplify 
programming. 

Call or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd. 
Cupertino, CA 95014 

(408) 253-0250 
CIRCLE NO 695 


EPROM PROGRAMMER 

WITH AUTO-PROGRAMMING 
The Model 93 includes automatic selection and pro- 
gram/verify with silicon identifiers. RS-232C to 19.2 
KB; Intel, Motorola, Tektronix and extended formats 
with offset, even/odd, byte split, checksum, Quick 
Pulse and standard programming. Full COM1:- 
COME: support on IBM PC/XT/AT. CP/M driver. Sup- 
ports 27XXX, 25XX, 87CXXX, 87C257, 68C257 
MCM68764 EPROMs; 8741 - 87C51-8752 MPU; 
28XXX EEPROMS. $467. 

Optimal Technology 
Earlysville, VA 22936 804-973-5482 
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INTRODUCING DC/ DESIGN™ 


Design Computation’s $ 9 7 5 


complete PCB design 
package with schematic capture 


Atrue high-end CAE/CAD design tool that every electrical en- 
gineer can afford. For IBM PCs and compatibles, DC/ DESIGN is 
feature-packed with schematic capture, parts placement, inter- 
active autorouting and much more. 

Our professional one-mil, diagonal autorouter is also available. 


ee a BDESIGN 
PachaBe soney-back ik COMPUTATION 


guarantee. Call todayto Ten Frederick Avenue 

place your order or for Neptune, NJ 07753 

more information. Demo (201) 922-4111 TWX: 510-601-8352 
available. Visa and MasterCard accepted 
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AUTOCAD USERS ! 


Galaxy MagniCAD gives you 
instant zoom windows in 800 x 600 
resolution for speedy edits and 
immediate redraws of even the 
most complex AutoCAD drawings. 
Zoom in on AutoCAD with Galaxy 
MagniCAD. Another price/performance 
solution from GalaGraph. 


GalaGraph Ltd 


1270 Lawrence Station Rd., Bidg. E 
Sunnyvale CA 94089 


Tel: (408)734-2202 
Telex: 6502552141 MCI 
Fax: (408)734-2812 


CIRCLE NO 696 


To advertise in Product Mart, call Joanne Dorian, 212/463-6415 


JN November 12, 1987 


397 


SOFTWARE 
VERSION CONTROL 


The POLYTRON Version Control System (PVCS) provides precise 
& flexible configuration management for Software Development 
projects on Personal Computers and PC LANs, including: 


e Storage and retrieval of multiple revisions of source code. 
¢ Maintenance of separate lines of development using branching. 
e Merging of simultaneous changes. 


¢ Modules can be reviewed by their own revision number, system 
version number, or specified date. 

e Efficient disk storage. PVCS uses a very intelligent difference 
detection technique that minimizes the amount of disk space 
required to store a new version. 


Personal PVCS — offers most of the power 1 49 
and flexibility of Corporate PVCS. 


Corporate PVCS — offers features to 


IEEE488 $145 


LOW COST PC/XT/AT INTERFACE 
FOR IEEE-488 (GPIP/HPIB) 
~ SHORT CARD FOR PC/AT/XT & COMPATIBLES 


el 
DC-DC CONVERTER 
PULSE TRANSFORMER 


— Ss = 
Our DC-DC converters, pulse transformers 
filters is now complete with excellent functions. W 


and pas 


also supply choke coils, linearity coils,’ toroidal coils, 
coupling transformers, and others. Send for details 


maintain source code of very large and complex 395 
projects that may involve multiple programmers. 


Network PVCS — Extends Corporate PVCS 
for use on Networks. File locking and security levels 
can be tailored for each project. Call (503) 645-1150 1000 
for pricing on Licenses for more than 5 Stations. 


Requires DOS 2.0 or higher. Compatible with the IBM PC, XT, AT 
and other MS-DOS PCs. Works with ANY Language. 


TO ORDER: VISA/MC 1-800-547-4000. 
Dept. No. 322. Oregon and outside US call (503) 645-1150. 
Send Checks, P.0.s to: POLYTRON Corporation, 

1815 NW 169th Place, Suite 2110, Dept 322, Beaverton, OR 97006. 


- 1 OF 6INTERRUPT LEVELS 

- 1 OF 2DMA CHANNELS 

- UP TO 4 BOARDS/COMPUTER 

—- CONTROLLER/TALKER/LISTENER 

— QUANTITY DISCOUNTS 

— COMPATIBLE WITH MOST SOFTWARE 
PACKAGES 


today! 


CHIP COILS BEING DEVELOPED 


*OEM and Agent 
Inquiries Invited 


ABC TAIWAN ELECTRONICS CORP. 
No. 422, Sec. 1, Yang Fu Rd., Yangmei 32627, 
Taoyuan, Taiwan, R.O.C. Fax: (03) 4755503 
Tel: (03) 4788088, Telex: 32379 ABCEC 
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Call today for datasheet! 
B&C MICROSYSTEMS 
355 West Olive Ave., Sunnyvale, CA 94086 
Ph: (408)730-5511 Fax: (408)730-5521 Visa & MC 
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*\ TAIWAN ZETATRONIC 
2? A FULL RANGE OF 


CONNECTORS & SOCKET 


CIRCLE NO 458 


Introduce 
new products 
and literature 


: 
Build — 
awareness in 


i the marketplace 
& 

e 
CHIP CARRIER SOCKET — 44, 68, 84 PIN 
EDGE CONNECTOR — 36, 50, 62, 80, 86, 98, 100 PIN 
IC SOCKET — 34 PIN & 8, 14, 16, 18, 20, 24, 28, 40 PIN 


MINI JUMPER: OPEN & COLSE TYPE 4 mim & 6 mim 
HEIGHT TYPE 


TAIWAN ZETATRONIC INDUSTRIAL 


CO., LTD. 
No. 333, Hsin Yi Road Lu Chou, Taipei Hsien 


Taiwan, R.0.C. Tel: 886-2-2816395°7 
Tlx: 33573 ZETACO Fax: 886-2-2832237 


VMEbus CPUs - 
100% MOTOROLA MVME COMPATIBLE 
LOW COST PLUG-IN REPLACEMENTS 
Quantity One Pricing 


¢ TVME 1611 (MVME 117-3Compatible) $895 
Up to 4MB DRAM 


¢ TVME 1612 (MVME 110-1 Compatible) $620 
System Control at 8 or 10 MHz 


¢ TVME 1613 (MVME 110-1 Compatible) $795 
Up to 1 MB Shared DRAM 


TL Industries, Inc. Toledo, OH 43619 
Call Now - Toll Free 1-800-227-8144 
or 419-666-8144 
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Analog Circuit Simulation 
A full featured SPICE based simulator runs on 
the IBM PC with interactive Input and Output 


These wave- 
forms show an 
IS_SPICE 
analysis of a 


4 
Supplement 
your advertising 
campaign 


4 
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VOLTAGE 


PRINTER 


power supply CAN 


snubber. 
Intu_Scope was 
used for display 
and computation 
of power and 
energy. The 
output shown 
used an 
Intu_Scope 
plotter utility 


PRE_SPICE, $200.00: Interactive control, Monte Carlo 
Analysis, Optimization, libraries and parameter evaluation. 
IS_SPICE, $95.00: Performs AC, DC and Transient analysis. 
Intu_Scope, $250.00: Displays, manipulates and plots data. 


Programs are not copy protected, come with a 30 day money 
back guarantee and require PC with 640K RAM, fixed disk, 
coprocessor and CGA or EGA or Hercules graphics. 


7 P.O. BOX 6607 ee 
= San Pedro, CA 90734-6607 » Ditron 
intusoft Tele: (213) 833-0710 CORPORATION IBM, PC, XT, AT a trademark of IBM CORP. 
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ACCELERATE 

YOUR 

PERFORMANCE 
¢ Special Utility Software \ 
¢ Parallel Port Included Ro $ 
- PC, XT, AT Compatible SN 


CURRENT 


POWER 


MICRO/Q Il 


FOR A DECOUPLING CAPACITOR THAT SAVES 
SPACE, DEFEATS NOISE, IS SUITABLE FOR 
MILITARY APPLICATIONS AND BEATS 
HUMIDITY, HEAT AND COLD: 

ROGERS MICRO/Q® II 

Rogers Corp., 2400 S. Roosevelt, 

Tempe, AZ 85282. 602/967-0624 


TO ORDER CALL 


800-826-1465 


(602) 938-3165 
4026 W. ST. JOHN 
GLENDALE, AZ 85308 


MC/VISA/AMEX 


LITERATURE 


Handbook aids in 
designing linear ICs 


The 280-pg Handbook of Linear IC 


Applications provides tips, dia- 
grams, and descriptions for more 
than 50 analog applications. Some of 
the topics and products covered in- 
clude mathematical analog circuit 
functions; 4- to 20-mA transmitters; 
data-conversion systems; de/de con- 
verters; digital gain control; opera- 
tional, instrumentation, and isola- 
tion amplifiers; and _ testing 
data-converter accuracy. Examples 
of specific applications include how 


POUR 
DOUBLE 


Doubles use of existing data lines 
and reduces installation costs. 


POWER STEALING 
FULL DUPLEX 
UP TO 3,000 FEET 
UP TO 9600 BAUD 
DTE/DCE SWITCHABLE 


* CHOICE OF CONNECTORS - 


Screw Terminals, 
Modular Plug, Coax 


270 East Pulaski Road 


EDN November 12, 1987 CIRCLE NO 92 


2 WIRE, FULL DUPLEX, 
SHORT HAUL MODEM 


1-800-835-3298 
teEleBlte 


TECHNOLOGY, INC. 
Greenlawn, NY 11740 


to tame transducer bridge errors 
with op-amp feedback control; noise 
analysis of FET transimpedance 
amplifiers; data-converter test 
methods for digital audio applica- 
tions; how digital gain control 
streamlines signal-acquisition sys- 
tems; and how to minimize the ef- 
fects of dc/de converter switching 
noise. 
Burr-Brown, Box 11400, Tucson, 
AZ 85734. 
Circle No 432 


Signal generator specs 

This 8-pg, 4-color brochure outlines 
the features of the Model 2022A 
signal generator. It examines the 
product’s specification improve- 
ments, which include lower noise; an 
F'M noise of only 7 Hz that improves 
S/N ratio; lower carrier distortion; 
dB improvement for critical meas- 
urements on wideband devices; and 
lower F'M distortion. The pamphlet 


WU) 
U 


lists the 2022A’s operational fea- 
tures including nonvolatile memory, 
computer control, RF output, sim- 
ple calibration, and automatic moni- 
toring. 
Marconi Instruments, 3 Pear] 
Ct, Allendale, NJ 07401. 
Circle No 433 


Smari Force DC-AC invercrs extend the useful life of 


(516) 423-3232 


Tam, 
= © 


FAX: 607-754-9255 


Electroluminescent lamps. Power EL to backlight LCDs — 
and membrane switches, and more! Ask about our New 
miniaturized P Package Inverters! 


Call today for complete product information and pricing: 


Endicott Research te 


2601 Wayne Street P.O. Box 269 Endicott, NY ee 
® 607-754-9187 TWX 510-252-0155 


399 


©1986 ERG, Inc. 


CIRCLE NO 93 


HYBRID DIP VCXOs co-aoov series 


+ 30 ppm to + 200 ppm 
Permits locking onto a stable 
source for 10-20 years. 


TTL: 32 kHz- 70 MHz 
HCMOS: 1kHz- 50 MHz 
ECL: 8 MHz -200 MHz 
Sine: 8 MHz -200 MHz 


0/+50°C to — 55/+ 85°C 


Frequency 
o 


OV Control Voltage - 5V 


Linear TC/VCXOs co-350 Series 


+0.01% to +0.2% 
+5%, +3% or +1% 


ow + 0.00005% 
—_ 


+ 5% linearity 


Frequency 


over 0/+50°C 
+ 0.0005% 
over —55/+ 85°C 


-5V Ov -5V 
Control Voltage 


y 4 . 
VECTRON Write or phone today for all 


the details...and be sure to 


WH ask for Vectron’s Illustrated Catalog. 


The Crystal Oscillator Company VECTRON LABORATORIES, INC. 


166 Glover Avenue, Norwalk, Connecticut 06850 
Tel.: 203/853-4433 TWX:710/468-3796 FAX: 203/849-1423 


CIRCLE NO 17 


DID YOU KNOW? 


Half of all EDN’s 


articles are staff-written. 


EDN 
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LITERATURE 


Data book describes 
wC systems 


The 628-pg, second-edition Micro- 
computer Systems and Components 
data book contains technical de- 
scriptions of more than 345 prod- 
ucts. It’s categorized by systems, 
boards, software, and documenta- 
tion. Each section has its own table 
of contents and index. A 44-pg bus- 
specification summary explains ar- 
chitectures of the VME Bus, VSB 
bus, I/O channel bus, as well as 
other specifications of the compa- 
ny’s product line. Request Litera- 
ture DLI27/D. $4.75. 

Motorola, Literature Distribu- 
tion Center, Box 20924, Phoenix, 
AZ 85063. 

INQUIRE DIRECT 


Slide chart features 

specs for pc boards 

This double-sided slide chart makes 
it easy to refer to material specifica- 
tions for pe boards. For example, 
you can specify a manufacturer and 
grade of material to see physical, 
mechanical, electrical, or thermal 
properties at a glance. The reverse 
side of the chart explains tooling 
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WORLD'S LOWEST PROFILE. 
FULLY SEALED 
CODED SWITCH 


New Switch Saves Space. 
However you look at it, EECO’s 
new Series 3300 MICRO-DIP® 
switch is the lowest profile binary- 
coded rotary switch in the world. An 
incredible .190 inches high, and only 
.390 inches square, the new switch 
allows a compact board architecture 
never before possible with conven- 
tional rocker or rotary switches. 


Fully Sealed. We've completely and 
permanently sealed the new MICRO-DIP 
switch top and bottom to be impervious to 
automatic wave solder and cleaning pro- 
cesses. The switch withstands the stringent 
Fluorinert* leak test for board-mounted compo- 
nents. The O-ring top and epoxy-sealed bottom 
are standard. 


Easy-to-Set. Programming electronic equipment 
was never easier. Our screwdriver-slot and extended 
shaft actuators make setting binary values a one-step 
operation. No need to fumble with multiple rocker or 
slide actuators, no need to convert from one number 
system to another. Simply dial in the value you need. 
Positive detent actuation lets you know your setting is 
securely entered. 


From the MICRO-DIP Originators. Our new switch incor- 
porates all the special design features you've come to expect 
from EECO. Like gold plated contacts, operational longevity, 
rugged construction, and generous environmental/electrical 
operating ranges. And all at an affordable price. 

At EECO we profile our products for tomorrow’s technology. 
Call us or our nearest representative for more information. — 
EECO Incorporated, 1601 East Chestnut Avenue, FO), Box 
659, Santa Ana, CA 92702-0659, Phone: (714) 835-6000; _ 
EECO Ltd., Bar Hill, Cambridge, CB3 8SQ, England, Phone: 
Crafts Hill (0) 954-80257. : | 


* Fluorinert is a registered trademark of 3M Corporation. 
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From 0 to,10 million 
pixels in.one second 


Finally a TI-34010 graphics controller card 
in sync with your 286/386-based application 


Vectrix matches your high-speed microprocessor with high-speed 
graphics. The PRESTO! graphics controller card utilizes a proprietary 
Digital Differential Analyzer (DDA ), the TI-34010 graphics controller, 
512K to 4.5 MBytes of on-board DRAM, and a unique organization of 
high-speed video shifter RAMS. The result — line drawing speeds in 
excess of 10 million pixels per second. 


5 YEARS OF GRAPHICS EXPERIENCE 


Sophisticated technology like this doesn’t just 
happen. Vectrix has been a leader in the com- 
plicated and competitive field of graphics for 
over five years. During that time, we have 
assembled an experienced, innovative engi- 
neering staff ready to focus their expertise on 
your system needs. 


OEM-ORIENTED 
DEVELOPMENT TOOLS 


Because they understand your requirements, 
our engineers provide a variety of tools to 
simplify applications development. Onboard 
high-level graphics commands are acces- 
sible directly or through standard 
programming language libraries provided 

on disk. Our PRESTO! TI-34010 Toolkit 
simplifies development of customized 
firmware. An optional RAM card is avail- 
able for either data storage or additional 
code. 


nil 


TI is a registered trademark of Texas Instruments, Dallas, Texas 


Vectrix Corporation, 2606 Branchwood Drive, Greensboro, NC 27408 
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PRESTO!’s optional Line Drawing Engine accelerates the speed of the 
TI-34010. Bitblts, raster ops and enhanced DMA transfer capabilities 
further enhance PRESTO!’s speed. 


Thus PRESTO! is ready to provide the graphics for your next system. 
And Vectrix stands ready to serve you with state-of-the-art technology, 
proven product reliability, and an engineering staff capable of 
translating your system needs into product functionality. 
SPECIFICATIONS 

Resolution — 1280 x 1024 or 1024 x 768 
Available in the following configurations: 

16 colors 

256 colors from a palette of 4096 

256 colors from a palette of 16.8 million 


Speed — 10,000,000 pixels per second 
Average Block Move: 25 million bits/second 
Horizontal line or fill: 50 million bits/second 
DMA speed: matches host bus speed 

Interface — 16-bit PC family 

Video — 60 Hz non-interlaced 

SOFTWARE DEVELOPMENT TOOLS 
Industry-standard PGL Command Set 

Compatibility 
PRESTO! TI-34010 Developer Toolkit 

PRESTO! PGL Developer Toolkit 

| 

| 
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yeVectrix 


THE COMPUTER GRAPHICS COMPANY 


(919) 288-0520 
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a 


concepts and includes a recom- 
mended panel layout for the maxi- 
mum use of raw materials. 
Dynacircuits Inc, 11230 Addison 
St, Franklin Park, IL 60131. 
Circle No 435 


Test and measurement 
instruments categorized 


This 16-pg catalog on test and mea- 
surement instrumentation outlines 
performance features, applications, 
and specifications for 22 instru- 
ments. The products featured in- 
clude digital multimeters, data-ac- 
quisition and logging instruments, 
dynamic analysis and vibration 
equipment, and communications 

test sets. 
Solartron Instruments, 2 West- 
chester Plaza, Elmsford, NY 10523. 
Circle No 436 


Bus products described 


Everything for the EXORbus is a 
6-pg product guide that provides 
information on a_ family of 
EXORbus-compatible boards, mod- 
ules, and accessories. It features a 
product overview on 6800/6809 P 
modules that are suitable for use in 
systems dedicated to production au- 
tomation, process control, data ac- 
quisition, and materials testing. 
Other sections deal with processor 
modules, memory modules, I/O 
modules, microcomputer systems, 
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enclosures, and packaging and ac- 
cessories. 

Creative Micro Systems, 3822 
Cerritos Ave, Los Alamitos, CA 
90720. 

Circle No 437 


Catalog lists 
data-acquisition devices 


The 1987 Analog Data Acquisition 
Applications Seminar covers a wide 
range of products. They include 
CMOS data converters, video ampli- 
fiers, multiplexers, low-power de/de 
converters, switched capacitor fil- 
ters, op amps, and wP support de- 
vices. This handbook also discusses 
product reliability and surface- 
mount packaging. 

Maxim Integrated Products, 
Customer Service Dept, 510 N Past- 
oria Ave, Sunnyvale, CA 94086. 
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WORLD'S 
SMALLEST 
DIP SWITCFH 


SAME SIZE 
IC 


HIGH DIPS SHADOW LOW IC’S 


THE LOW PROFILE K40 DIP IS 
THE SAME SIZE AS AN IC 


NO MORE HAND LABOR. 


YOU CAN USE AUTOMATIC 
INSERTION EQUIPMENT! 


If you don’t have automatic insertion equip- 
ment, we’re banking that some day you will. To 
prove that, we'll charge you the same low price 
for all your purchases—no more need for the 
low-volume premium prices you're paying now. 


AVAILABLE IN 
2,3, 4,5,6,7&8 
POSITIONS 


FREE SAMPLE! 


WITH STAPLED BUSINESS 
CARD TO YOUR LETTERHEAD 


AMERICAN RESEARCH 
& ENGINEERING 


1500 EXECUTIVE DRIVE 
ELGIN, IL 60123 


12-888-7245 
Yeccn as Bibel! 
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5S Instruments 
sneer TW 
113 seconds were sampled Gees; as 
FFTs from 49 mS consecutive an 2107, 
ae t 


10000+ 


Q us [© weve goosdye cl Tidei wave uC[ONew Weve ucl@Cretwave uf 


segments ore plotted 


<<«¢ HIT SPACE TO CONTINUE >>> 
OQ KH 


-.. with ease-of-use challenged by noone. MacADIOS | 
systems from GW Instruments include advanced _ 
hardware interfaces and extensive software options for all 
Macintosh models. Programming control from BASIC, C, 
Pascal or FORTRAN, plus powerful "no programming" | 
application software. Unprecedented 833 KHz sampling 


7 


rate on the Macintosh II! 
GW Instruments, Inc. 
(617)625-4096 P.O. Box 2145 Cambridge, MA 02141 


The Macintosh Data Acquisition Company ; 
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Tricon insert molding withstands 
rigors of emergency/security com- 
munication usage. This antenna is 
molded in a multi-stage process for 
the ultimate resistance to 
weather, chemicals 
and mechanical 

Mm abuse. 


Tricon insert molding design 
produced this one-piece 
Circuit path for a dome 
switch module: parts 
can't loosen or 
wear. Simplifies 
PCB inter- 
wiring, too. 


This Tricon switch 
actuates a popular instant 
camera. Automated wire 
forming, precious metals plating, 
molding and process controls 
add up to value. 


Tricon Industries, Inc. 
2325 Wisconsin Avenue 
Downers Grove, IL 60515-4076 
Telephone: (312) 964-2330 
Telex: 27-0064 

Fax: (312) 964-5179 


1aX your challenge today ° 


Tricon is a user of 
Du Pont® engineering plastics. 
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LITERATURE 


Tutorial pamphlet 
for semiconductor testing 


The 4-color, 12-pg brochure, A Co- 
ordinated Set of Instruments Spe- 
cifically Designed for Semiconduc- 
tor Use, describes how to use 
instruments to make semiconductor 
measurements. The publication is a 
combination of tutorial and product 
descriptions. It explains techniques 
such as low-level measurements, ca- 
pacitance-voltage tests, resistance 
and electromigration studies, and 
Hall-effect measurements. It also 
explains how to use specialized in- 
struments, electrometers, switch 
systems, picoammeters, and capaci- 
tance-voltage instruments. 
Keithley Instruments Inc, 28775 
Aurora Rd, Solon, OH 44139. 
Circle No 439 


Instrument catalog 


This 32-pg catalog covers the com- 
pany’s line of products for industrial 
and laboratory test and measure- 
ment applications. Products high- 
lighted include handheld thermome- 
ters, temperature controls, panel 
meters, calibration equipment, 
temperature loggers, IR thermome- 
ters, thermocouples, RTDs, and 
handheld probes. Also included are 
humidity instruments, anemome- 
ters, digital voltmeters, tempera- 
ture baths, pH meters, oxygen ana- 
lyzers, and tachometers. Also listed 
are multifunction instruments that 
can measure several different pa- 
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rameters by using plug-in modules 
and sensors; the listing describes 
each product, giving its operating 
specifications and price. 
Owen Instruments Inc, 
2193, Provo, UT 84603. 
Circle No 440 


Box 


Catalog of 
VME Bus products 
This 4-color, 16-pg catalog high- 
lights the manufacturer’s VME Bus 
boards, systems, and software. The 
short-form catalog covers systems 
and packaging, multiprocessing 
ready development/target systems, 
CPUs, multiprocessing engines, 
system resources, single-board com- 
puters, memory, analog I/O and 
DSP devices, displays, special-func- 
tion products, and packaging and 
peripherals. 

Ironics Inc, 798 Cascadilla St, 
Ithaca, NY 14850. 

Circle No 441 


LITERATURE 


Data sheet explains 
DSP software 


This 4-pg publication presents the 
manufacturer’s DSPlay software 
package that allows you to use an 
IBM PC, PC/XT, PC/AT, or a com- 
patible computer as a DSP worksta- 
tion. It discusses the program’s use 
of functional block diagrams as its 


At Corning, we engineer gl ; 


ceramics to meet your de 


Here are a few applications that — 
demonstrate the breadth of materiat 


offer: 


® A full line of CRT bulbs, ranging in size" 
from .5" to 23", with the x-ray absorption — 
and light transmission capabilities 
needed for high-reliability military and 


industrial applications. 


language for program development 
and documentation. It also de- 
scribes the library of block func- 
tions, such as correlation, signal 
source, filter, window, and FFT. 
Also included are performance spec- 
ifications, hardware and software 
requirements, and options. 
Burr-Brown, Box 11400, Tucson, 
AZ 85734. 
Circle No 442 


App note deals with 
CMOS analog switches 


The 4-pg application note, 
ADG201A/202A and ADG221/222 
Performance with Reduced Power 
Supplies, discusses applications for 
four monolithic CMOS analog 
switches, including their use in 12V 
disk drives and +12V PC applica- 
tions. The note also explains the 
variation in switch characteristics 
over the 10 to 15V single- or dual- 
power supply range; it contains 17 


and other consumer 
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™ FOTOFORM® glass and FOTOCERAM® glass- 
ceramic materials photochemically machined to 
precisely hold dimensional tolerances of + 0.001" 
for use in interconnects and I.C. packaging. 


™ Cladding glasses with excellent optical quality 
and dimensional stability for fiber optic 
applications, as well as the chemical stability 
required for microchannel plates used in night- 
vision devices. 


Cage 


electronics. 


® VYCOR® 96% silica glass with a thermal shock 
capability that can withstand the sudden and 
extreme temperature change of a defrost cycle 
—0° to 1000° F in seconds. 

To find out how Corning glass and glass- 
ceramic materials can meet your design needs, 
write to us at this address: 


Materials Business 
Corning Glass Works 
MP 21-3-4 

Corning, NY 14831 
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graphs that show all relevant per- 
formance curves. The note discusses 
leakage currents, digital input trig- 
ger levels, and switch timing. Other 
sections include dynamic character- 
istics, charge injection, and power- 
supply current. 

Analog Devices, Literature Ctr, 
70 Shawmut Rd, Canton, MA 
02021. 


Circle No 443 


App note on op amp 
The 20-pg application note, Appli- 
cation Considerations and Circuits 
for a New Chopper-Stabilized Op 
Amp (AN9), describes the chopper- 
stabilized approach, which uses the 
amplifier’s input to amplitude-mod- 
ulate an ac carrier. The note pro- 
vides a schematic of a tested circuit 
for a de- to 1-Hz noise test circuit, as 
well as schematics for other tested 
circuits. 
Linear Technology Corp, 1630 
McCarthy Blvd, Milpitas, CA 95035. 
Circle No 444 


Connector booklet 


This 8-pg short-form catalog pro- 
vides descriptions and specifications 
for the company’s varied line of con- 
nectors. The products covered in- 
clude rectangular, circular, and flat- 
ribbon-cable connectors; circuit- 
board and edge-card connectors; 
modular interconnections; IC and 


zero-insertion-force sockéts; and 
single-mode and multimode fiber- 
optic connectors. 

JAE Electronics Inc, 1901 E Car- 
negie Ave, Suite A, Santa Ana, CA 
92705. 

Circle No 445 


400MMz Spectrum Analyzer 2382 
.. the performance breakthrough that 
Sets new standards 


Booklet summarizes features 
of spectrum analyzer 


The 16-pg, 4-color brochure, 400- 
MHz Spectrum Analyzer 2382, il- 
lustrates Model 2382’s RF design 
and details specifications. A section 
on measurement problems shows 
you how to speed up measurements 
at a single frequency; how to display 
demodulated FM; and how to get 

permanent records of tests. 
Marconi Instruments, 3 Pear! 
Ct, Allendale, NJ 07401. | 
Circle No 446 


Brochure presents 
IR pyroelectric detectors 
This 6-pg data note, Introduction to 
Infrared Pyroelectric Detectors, de- 
scribes the basics of lithium tanta- 
late pyroelectric detectors. Three 
introductory topics are entitled 
“When to Use Infrared,” “Beyond 
Photodiodes,” and “Pyroelectrics 
are Practical.” Other topics dis- 
cussed include electrical considera- 
tions and laser applications. 

Eltec Instruments Ine, Box 
9610, Daytona Beach, FL 32020. 

Circle No 447 
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WORLD’S LARGEST FREE DESIGNER'S 
INVENTORY WITH GUIDE AND 
97 LOCATIONS DATA SHEET PACK 


We'd like to share this unique tech- 
nology with you. Contact your local 
Hamilton/Avnet service representative 
or call 1-800-442-6458 (1-800-387-6879 
in Canada, 1-800-387-6849 in Ontario 
and Quebec), to order your FREE 15- 
page Hewlett-Packard thermal ink-jet 
print cartridge designer's guide and 
data sheet pack. Or just fill out and send 
in the coupon below. 
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/lett-Packard’s new thermal ink- 
it cartridge can be used in a wide 
/of printing applications, including 
s, automatic teller receipts and 
of sale terminals. Plus, it’s available 
1volume, from the most reputable 
Illy-equipped electronics distribu- 
the world: Hamilton/Avnet. 

viett-Packard’s ink-jet technology 
s your printer design quieter and 
reliable because the printhead 
ites with no moving parts, and the 
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EDN’s 
CHARTER 


EDN is written for profession- 
als in the electronics industry 
who design, or manage the de- 
sign of, products ranging from 
Circuits to systems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, prod- 
ucts, and design techniques. 


EDN covers new and develop- 
ing technologies to inform its 
readers of practical design 
matters that will be of concern 
to them at once or in the near 
future. 


EDN covers new products 

@ that are immediately or 
imminently available for 
purchase 

@ that have technical data 
specified in enough detail 
to permit practical appli- 
cation 

@ for which accurate price 
information is available. 


EDN provides specific ‘how 
to” design information that our 
readers can use immediately. 
From time to time, EDN’s tech- 
nical editors undertake special 
“hands-on” projects that dem- 
onstrate our commitment to 
readers’ needs for useful infor- 
mation. 


EDN is written by engineers for 
engineers. 
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Comair Rotron’s role as an industry leader continues. Our research and 
development programs have produced over 40 patents world-wide. . . all finding 
applications in today’s high technology industries. 

Our diversity of commercial airmovers is backed by the finest in testing laboratories 
and manufacturing plants. Our high level of vertical integration 
results in a competitive product whose reliability is unchallenged. 

From the one inch thick, cost effective Flight™ Series to the world recognized Muffin®, 
Comair Rotron’s excellence in performance translates into trusted products. 
These products and components are custom designed and 
manufactured by a company proud of its success and technological accomplishments 
and confident of the future as an industry leader. 


© 1987 Comair Rotron, Inc. 


_ DC Fans and Blowers 
_ Flight™ 60 


Flight™ 80 

Flight™ 90 

Flight™ 120 
Sprint® DC 
Muffin® DC 
Muffin® XL DC 
Major® DC 

Patriot® DC 
Biscuit® DC 
Spinnaker™ DC | 


AC Fans and Blowers © 
Sprite® 

Whisper® 
Whisper® XL 
Muffin® | 

Muffin® XL 
Skeleton 

Major® 

Patriot® 

Feather® Fan > 
Tarzan® 

Caravel® 

Biscuit® 

Modulair MB 1000 


~Modulair MB 5100 


Modulair MB 9100 
Modulair MB 9200 
Modulair MB 9300 


For a complete 
catalog please call 
(800) 367-2662 


COMAIR@ROTRON 


12 North Street, Sawyer Industrial Park, Saugerties, NY 12477-1096 
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name in card systems. 


Tokin makes the finest, most complete magnetic card systems anywhere. 
From the material in the magnetic heads of card readers/writers, to intelligent 
interface modules, to the best in magnetic cards. 

A simple RS232C personal computer connection lets you use our MCT-650 
Series motorized magnetic card reader/writers for easy data readout/ printout. 
Just like our MCT-150 Series manually-operated card readers. 

Or if you’d prefer to design your own card readers, check out our MCI/ 
MCS Series card reader units with original integrated circuits and exclusive 
magnetic heads for a vast range of applications. Or our all-new Model 961 
magnetic card reader interface module that connects to an RS232C interface. 

So whether it’s card readers you’re interested in, or the internal workings 
to make them yourself, remember: Tokin offers the finest card reader tech- 
nology anywhere. And results you can count on. 


interface of MCT-650, 
WICT-150 Series and Model-961 


Standard EIA, RS232C 


Start-stop synchronization, 
full duplex 


Model-961 Interface Module 
Communication standards 


Start-stop synchronization, 
full duplex (half duplex) 


Start-stop synchronization, 
full duplex (half duplex) 


600/1,200/2,400/4,800/ 
9,600/19,200/38,400 
Start bit 1 


Data bit 7 
Parity (odd) 1 
1 


Communication mode 


Transmission speed (baud) 1,200/2,400/4,800/9,600 1,200 


Start bit 
Data bit 
Parity (even) 


(User 


Communication format select- 


cet aeek ln OEE oe 


Stop bit Stop bit able) 
Card driving system | Motorized = | Manual S| 2 
Performance Read only 
Power supply 117V AC +5V DC, +8~12V DC 
Applica dle ag netic Cart Card Standard Dimensions (mm) 
MCS-131(E) | SO, track 2 
Card Standard _ MCS-132(E) | ISO, track 1 bs pa eect 
MCI-111 ISO, track 2 MCS-133(E) | ISO, track 3 (32 5x 32x 100) 
MCI-112 ISO, track 1 24x 61x65 MCS-135(E) ISO, track 1 and 2 ; 


MCI-113 ISO, track 3 MCS-136 (E) 


*(E): With cover 


1SO, track 1 and 2 


_ Seoul (02) 777-5767; Taipei (02) 7311425; Hong Kong 3-315769; Singapore 747-8668 — 


shapes and Dimensions 
MCS-135, 136 


MCI-110 Series 


Tokin Corporation Tokin America Inc. 


Hazama Bldg., 5-8, Ni-chome 2261 Fortune Drive, San Jose, © 
Kita-Aoyama, Minato-ku, California 95131, U.S.A. 
Tokyo 107, Japan Tel: 408-432-8020 Fax: 408- 434- 0375 


Tel: Tokyo (03) 402-6166 Chicago Branch 
Fax: Tokyo (03) 497-9756 Presidents Plaza 1, Suite 200N, _ 
_ Telex: 02422695 TOKIN J 8600 W. Bryn Mawr, Chicago, IL 60631 


Tel: 312-380-0030 Fax: 312- 693- 8334 
You can reach our oponte by phone: 
London 01-837 2701; Paris 1-45 34 75 35: Milan (0331) 678.058; Munich (089) 5164- 0: 
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It’s said that imitation is the sincer- 
est form of flattery. If recent events 
in the software industry are any 
indication, however, imitation often 
results in a lawsuit. 

Several lawsuits in the news over 
the past year indicate a new legal 
basis for software developers’ at- 
tacks on so-called clone software— 
software that imitates or adopts the 
user interface of another software 
product. Formerly, only the algo- 
rithms of software programs were 
considered subject to copyright, the 
law’s traditional protector of cre- 
ative works. Now some software 
makers are saying that copyright 
should also extend to a program’s 
user interface. According to these 
companies, the user interface gives 
a program a distinctive “look and 
feel” and to copy that is to copy an 
essential part of the program. 

The idea that a program’s “look 


and feel” are copyrightable and sub- ~ 


EDN November 12, 1987 


ject to court protection has startled 
the computer-law community. In 
copyright suits that involved the 
screen displays of video games, the 
courts had ruled that a screen had 
to show originality and artistic ex- 
pression in order to be protected. 
Data elements such as menu options 
weren’t considered creative in na- 
ture and were therefore denied the 
protection of copyright. Most com- 
puter-law specialists expected this 
reasoning to apply to software pro- 
grams as well. 

The earliest hint that it might not 
apply came in the fall of 1986, when 


a court ruled that Unison World had 
infringed on the menu-screen copy- 
right of Broderbund Software’s 
Print Shop package. This was the 
first court decision in which copy- 
right protection was interpreted to 
apply to the user interface. Previ- 
ously, the courts had held that only 
the software program’s algorithm 
was truly creative and thus copy- 
rightable. 


Lotus grabs headlines 


Then in January, Lotus Develop- 
ment Corp (Cambridge, MA) filed 
suit against Paperback Software In- 
ternational (Berkeley, CA) and Mo- 
saic Software (Cambridge, MA), 
two companies whose spreadsheets, 
it claimed, copied the user interface 
of its own best-selling product, 
Lotus 1-2-3. Lotus’s suit has at- 
tracted a lot of attention for two 
reasons. One reason is that Lotus is 
much bigger than either Paperback 
or Mosaic, which has led some in- 
dustry observers to wonder if the 
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suit is merely an anticompetitive 
tactic. 

The other reason for the suit’s 
notoriety are the ramifications for 
the software market should Lotus 
win. Critics believe that a Lotus 
victory will discourage program- 
mers from trying to improve exist- 
ing products. These critics claim 
that clone products hold down costs 
and are the result of evolution, not 
plagiarism. Supporters of the com- 
pany’s position, however, contend 
that a decision in its favor will lead 
to more, rather than fewer, creative 
programs. 

Lotus drew additional attention in 
April when it was sued by SAPC 
Ine. As Software Arts, SAPC had 
created the VisiCale spreadsheet 
and then sold it to Lotus; ironically, 
it sued Lotus on the grounds that 
1-2-3 copies VisiCalc commands, 
screen displays, and keystrokes. 

Later that same month, Digital 
Communications Associates suc- 
cessfully sued SoftKlone of 
Tallahasee, FL, for infringing on 
the status screen of its popular com- 
munications package, Crosstalk. In 
a ruling that surprised the legal 
community, a Georgia court af- 
firmed that Mirror, SoftKlone’s 
spreadsheet package, infringed on 
Digital Communications’ copyright. 


Ease of use is crucial 


The issue of a product’s look and 
feel is growing in importance be- 
cause changing software-market de- 
mographics have made ease of use 
an increasingly expensive and criti- 
cal aspect of product development. 

The days when customers ac- 
cepted awkward and hard-to-use 
products are long gone. Command- 
driven user interfaces require the 
memorization of arcane, often un- 
wieldy command strings. Ashton 
Tate’s dBase III, the best-selling 
database-management program for 
IBM-compatible PCs, once had this 
sort of cumbersome interface, but 
has since been modified to include 
cross-screen menus that make it 
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easier to use. 

Such conveniences are very im- 
portant. Many of today’s software 
users have little technical training. 
They expect a program to use sim- 
ple, straightforward terms that will 
guide them through its procedures. 

The phenomenal success of Apple 
Computer’s Macintosh computers 
best illustrates the public’s delight 
with easy-to-use products—and the 
potential profits that can result 
from inspiring that delight. Al- 
though the Macintosh is not compat- 
ible (without an expansion board) 
with the industry standards 
MS-DOS and PC-DOS, its playful, 
icon-based user interface has made 
it a success. 

As a result of the huge customer 
base that awaits easy-to-use prod- 
ucts, software makers are begin- 
ning to consider their icon-driven 
commands, mouse functions, and 
pull-down menus as key features. 
The desire to protect their products’ 
user interfaces—as well as their in- 
vestment in those products and 
their market share—is what has led 
them to court. 


Spotting a ready market 


The large following of an estab- 
lished product is particularly at- 
tractive to clone makers. The user 
community has already invested the 
time needed to become familiar with 
such a product. Lotus 1-2-3, with its 
distinctive menu system, and Cross- 
talk, a telecommunications package, 
are examples of products that are so 
widely used they’ve become de facto 
industry standards. 

In addition to capitalizing on the 
large user base of de facto stand- 
ards, clone makers avoid the high 
costs associated with the research 
and development of an easy-to-use 
system. Software is designed to run 
on a machine, not to be “used” by an 
individual. Making it easy to use 
constitutes yet another time-con- 
suming and expensive task. 

Because clone makers dodge such 
development costs, they can offer 


their products at greatly reduced 
prices. Lotus 1-2-3, for example, 
sells for $495, as it has since its 1982 
introduction. Mosaic Software’s 
Twin, on the other hand, retails for 
$75. 

Judges who’ve addressed the 
look-and-feel issue have disagreed 
on what, if any, aspects of a display 
are copyrightable. Different juris- 
dictions have put forth different 
opinions. However, it seems clear 
that a company deemed to have ap- 
propriated another company’s cre- 
ative user interface will incur penal- 
ties. 

In light of the recent suits, the 
best advice for new-product devel- 
opers is to refrain from using dis- 
tinctive, easily recognizable fea- 
tures of another product’s user 
interface. Certainly, a company 
should refrain from employing a 
name that capitalizes on a product’s 
similarity to another product—like 
Mirror or Twin—because a judge 
may interpret such a name as a less 
than subtle admission that a product 
has been copied. 

Where the line will be drawn re- 
garding these issues is unclear and 
likely to remain so for some time. 
The final decision might be left to 
the Supreme Court. But one thing is 
certain: The look-and-feel issue has 
been added to the list of concerns 
that software makers must address 
when trying to develop a competi- 
tive and successful new product. 

EDN 
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No Room Left For Your Power Supply? 
Talk To VICOR! 


VI-200’s deliver as much as 200W from 5.5 In. 


Write for our application note, Me VICOR | 
“Power Systems Size Reduction with Nf VICOR 


© e | | 
High Density DC DC Converters.” 


VICOR Corporation, 23 Frontage Road, Andover, MA 01810 Tel: 617-470-2900, TWX: 910-380-5144, FAX: 617-475-6715 
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Responsibility And 
Challenge With 


FAIRCHILD 
WESTON . 


In Sarasota, Florida ==" 


<_— 


Look to Fairchild Weston if you seek the individual 
challenges, responsibilities and rewards of seeing proj- 
ects through from start to finish. For 30 years, we've been 
the leader in telemetry, signal processing, data acquisi- 
tion and data recording systems. Our technological ex- 
cellence and innovation have resulted in Steady sales 
growth, creating exciting career opportunities. The follow- 
ing positions require U.S. Citizenship and some positions 
may require an active clearance. 


SYSTEMS ENGINEER —— Lead senior hard- 


ware/firmware/software system architect to define and de- 
sign computer-based signal processing and data commu- 
nication systems. 


SENIOR SOFTWARE ENGINEERS — 
Leadership positions to specify, design and implement 
real-time multi-tasking, interrupt driven, systems software 
(VAX, SEL, Fortran) assembly. Microdrivers and interface 
experience desired. 


SENIOR SYSTEM ANALYST — sottware 
Project leader with nuclear plant experience in; plant pro- 
cess computer, SPDS, or emergency response functions. 
(VAX/VMS, Gould SEL, Fortran). 


SYSTEMS PROGRAMMERS — besign, 


code, test, install and document real-time interactive firm. 
ware and systems software, prefer Super mini-computer 
experience. Graphics and man-machine interface desired. 
(VAX/VMS, C ADA, UNIX). 


Fairchild Weston offers top compensation, liberal fringe 
benefits, relocation assistance, and a casual but challeng- 
ing work environment. 


Sarasota is a beautiful beach community on Florida’s Gulf 
Coast. Sarasota enjoys a respected school system, attrac- 
tive residential communities, a low tax Structure, no state 
income tax, and a year-round recreational climate. 


For confidential consideration, please submit your resume, 
including salary history to Ms. A.A. Masse, Manager, 
Professional Employment. 


FAIRCHILD WESTON 
SYSTEMS INC. isis 


Equal Opportunity Employer 


THE EDN MAGAZINE/EDN NEWS 


Recruitment 
Package 


EDN reaches more than 
137,000 engineers and engineering space in both the Career 
managers, the largest circulation pportunities section of EDN, and 
in the electronics field. EDN the Career News section of EDN 
News reaches EDN’s U.S. News in the same month, you'll 
circulation of more than 121,500. et a 4 discount off the EDN 
And, when you place equivalent ews rate! 
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,| CAREER OPPORTUNITIES 


1987 Editorial Calendar and Planning 
Guide 


Recruitment 
Deadline 


Issue 
Date 


EDN News 


Editorial Emphasis 


eee 


Closing: Nov. 12 

Dec. 10 Nov. 19 Product Showcase-Volume I: Mailing: Dec. 

ICs and Semiconductors; 

Software 
Dec. 24 Dec. 3 Product Showcase-Volume 
II, Computers & Peripherals; 
Test & Measurement 
Instruments 


a eeeeeeeeeeeeeeSFSFSeSSSSeeSeSsSseF 


Call today for information. 


East Coast Janet O. Penn (201) 228-8610 
West Coast Dan Brink (714) 851-9422 
National Roberta Renard (201) 228-8602 


TPS 


Engineering Opportunities 
in Southern California 


Eaton Corporation is located in Westlake Village in the heart of the 
Conejo Valley, a well-planned community near the city of Los Angeles, 
yet it remains untouched by the hustle and bustle of inner-city living. 
With oak-covered hills and picturesque lakes, Eaton is situated near 
ocean beaches and marinas, numerous county and state parks, and the 
unsurpassed beauty of the Channel Islands. 


All of the following positions require RECENT DEFENSE/ELECTRONICS 
OR AEROSPACE EXPERIENCE. 


ELECTRICAL ENGINEERS/TPS 


Will design and develop TPS programs in ATLAS. Requires a BS/MSEE 
and experience in RF, Microwave, TPS design and digital design with 
some management background in CSSR, cost accounting, advanced 
programming, and schedules and proposals. 


ENGINEERS/TPS 


Requires a BSEE and 4 or more years experience in integrating hardware 
and software using ATLAS programming language. Will assist in integ- 
rating JLA TPS ATLAS software, update ATLAS code and work with flow 
diagrams and test requirement documents. 


SOFTWARE QUALITY 
ENGINEERS/TPS 


Software Quality Control Analyst/Inspector. Must have in-depth experi- 
ence reviewing 716/F16 ATLAS TPS software. Degree preferred or 
minimum 4 years experience. 


E.TeN 
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Employer M/F. 


E-SYSTEMS 


, The Tradition Lives On. ) 


, Theres astoryinGreenville.A with the Greenville Division of | Aircraft Electrical Systems Inte- 
story of great men and events —_E-Systems. Arecognized leader _ gration Designers. 


in the history of aviation. Its a _in the fields of advanced avion- As an E-Systems professional, 
tradition of leadership that ics, aircraft modification and you'll enjoy an outstanding sal- 
began with General Claire Lee —_ airborne communications, ary and benefits package and 
Chennault — leader of the fa- | E-Systems Greenville Division one of the industrys premier 
mous “Flying Tigers” of China _ continues to pioneer the inno- technical environments. And 
and pioneer of air combat tac- _vative aviation technologies of you'll be part of a tradition of 
tics — who was born just afew tomorrow. excellence in aviation that’s 
miles from Greenville. We currently have positions growing for tomorrow. 
A tradition that continued available for experienced engi- To learn more, contact: 
with Majors Field — a training neers in Airframe Structural Staffing, E-Systems, Inc., 
base for many thousands of Modification, RF and high-speed Greenville Division, P.O. Box 
Allied fliers during World Digital Design, EW/C*/Tactical 1056, CBN 81, Department 
War II. Electronic Systems, as well as 31-1112PH, Greenville, Texas 
And a legacy that lives today Airframe Stress Analysts and 75401. 


= E-SYSTEMS 


The science of systems. 


U.S. Citizenship Required. An Equal Opportunity Employer M/E V, H. 
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Semiconductor Sector 


We Know That High Performance Circuitry 
Depends On High Performance People -- 


Discover Exciting Career Opportunities With 
Harris Semiconductor on Florida’s Space Coast. 


For more than 20 years, we've been at the forefront of Inte- 
grated Circuit innovation, and are now one of the dozen 
leading IC suppliers in the country. As a leading innovator 
in Semiconductor technologies including bipolar, CMOS 
and dielectric and oxide isolation, we have the following 
outstanding opportunities available: 


STAFF ENGINEER/LINEAR 
PRODUCT ENGINEERING 


A BSEE and 7+ years’ experience in linear product process 
or design engineering are required. An MSEE is preferred. 


STAFF ENGINEER/ANALOG TEST 
DEVELOPMENT 


A BSEE and 7 years’ experience developing test capabilities 
for linear, data acquisition telecommunication products 
are required. Knowledge of LTX and Teradyne test equip- 
ment is required. An MSEE is preferred. 


SR. ENGINEER. RELIABILITY/ 
PLASTICS ASSEMBLY 


A BS in Materials, Chemistry or Physics along with 3+ 
years’ related experience including at least 2 years in plas- 
tics assembly or reliability are required. An MS is preferred. 


LEAD ENGINEERS RELIABILITY/ 
NEW PROCESS ASSESSMENT 


An MS with 2-4 years’ experience or BS with 4-6 years’ ex- 


perience with emphasis in semiconductor Device Physics 
are required. Failure analysis experience is desired. 


LINEAR APPLICATIONS 
ENGINEERS 


ABSEE and 2-3 years’ linear circuit applications experience 
are required. An MSEE is preferred. 


STAFF ENGINEER/PROCESS 
DEVELOPMENT 


An MSEE and 5 years’ experience with unit process develop- 


ment in thin films, etch and CVD are required. 


SR. ENGINEERS-MATERIALS/ 
PROCESS DEVELOPMENT 


A BS in Engineering, preferably Chemical, Metallurgical or 
Materials Science with 2-4 years’ experience dealing with 
DI/SOI materials, mask fab criteria and capability or very 
high frequency complementary bipolar process are re- 
quired. An MS is preferred. 


uD 


\ 


\ 


SR. PROCESS ENGINEER- 
DIELECTRIC ISOLATION & POLISH 


A BS in Materials Science, Mechanical or Chemical En- 
gineering along with 2 years’ Wafer fab or Semiconductor 


materials experience are required. An MS is preferred. 


Opportunities also exist for: 


@ SR. FACILITY ENGINEER/DEIONIZED 
WATER 

@ SR. ENVIRONMENTAL ENGINEER 

= PRODUCTION SUPERVISORS- 
MASK/FAB/ASSEMBLY/TEST 

@ SAFETY ENGINEER/INDUSTRIAL 
HYGIENIST 

= LEAD AUDITOR/GOVERNMENT 
PROGRAMS 

@ FIELD APPLICATIONS MANAGER- 
WEST COAST 

@ SR. QUALITY ENGINEER/FAB COMETS 

As part of the Fortune 200 Harris Corporation, Harris 

Semiconductor offers an excellent compensation/benefits 

package. ACT NOW. Forward your resume, including salary 

requirements, today to Ron Skellie, Professional Staffing, 

Harris Semiconductor, MS$58-3]. Dept. EDN, P.O. Box 883, 


Melbourne, FL 32901-0101. We are an equal opportunity em- 
ployer M/F/H/V. 


U.S. Citizenship Required. 


See Harris Semiconductor’s 
product ad on pages 90 and 91. 


HARRIS | 
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Honeywell: Where your vision 
becomes reality 


Honeywell Avionics Systems, our emphasis is on long-range research 
d development. Your vision of future technology is needed in developing 
nsor technology, microwave & RF, and display technology. Career 
portunities are available in the following areas: 


igineering Section Head 


this position, you will be responsible for directing a group of electri- 
| and microelectronic packaging engineers in the development of 

stom hybrid microcircuits for avionics systems’ hardware. To qual- 
you must have experience in analog circuit design and analysis and 


chnical administration experience in a group leadership capacity. 
od communications skills, both verbal and written, and the ability to 
-erface frequently across department lines are also required. Experi- 
ice or knowledge in microelectronic packaging, materials and pro- 
isses would be beneficial. 


iber Optic Engineers 

yin a team of engineers and scientists that are developing a fiber optic 
iroscope for the next generation of navigation and attitude reference 
stem applications. Positions are available in areas of integrated optics, 
yer optic component development, and sensor systems. 


& 


evelop new computer tures fol dime 
0} Iso devel dels of liq- 


tal drive technology. 


Digital Circuit Design Engineer 

In this position you will work initially with microprocessor digital design 
and work into digital system design using TTL, CMOS and semicustom 
VLSI design techniques of standard cell and gate arrays. 


Microwave & RF Engineers 

Join an expanding team of professionals. Your experience will be put to 
use in developing antenna design, microwave receiver and transmitter 
design, microwave GaAs FET amplifier and power FET amplifier design. 
Experience with GaAs MMIC designs is highly desirable. 


Optical Scientist 

To qualify for this leadership position, you should have a minimum of five 
years of experience. Experience working with high brightness and high 
resolution displays Is desirable. 

To qualify for these positions, you should have a BSEE or BS degree in 
Computer Science, Physics or a related field and a minimum of three 
year’s experience. 


Make your vision a reality 


‘Honeywell offers youa competitive salary and benefits package, allin 


all w. Send yourres 


Together, we can find the answers. 


Equa Emp:oyment Opportunrty Affirmative Action Emp-oyer 


© 1987 Honeywell Inc. 
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“‘! see Motorola as 


Wowtn aga zation 


— there is plenty of opportunity to move ahead here.” 


Charlie Bucher 
Engineering Department Manager 


Tactical Communications Operations 


The professionals of Motorola’s Government 
Electronics Group (GEG) have much to Say 
about their company because GEG is a 
place where innovative ideas are put into 
action. The result is leadership in the 
research, development and manufacture of 
electronic hardware for our country’s 
defense, national security and space 
programs. If you have the imagination and 
Skill required to extend our technical 
frontiers, consider the opportunities 

now available. 


Quality 
@ Software QA Engineer 


Data Processing/MIS 
m Database Analysts 


Support 

m Systems Safety Engineers 

m@ CAD/CAM Database Project 
Leaders 

m Command Systems Marketing 
Specialists 

m@ Contract Management and 
Administrators 


Finance 

@ Sr. Project Cost Analysts 

@ Audit Supervisors 

m@ /nternal Auditors 

Engineering 

m@ Satellite Communications 

m C3/ Engineering 

@ Electronic Packaging 

m@ Data/Network Communications 

@ Scientific Software Development 

@ Reliability Analysis 

m@ Jest Equipment Design 

m Communications & RF Design 

m Data & Microwave Systems 
Engineering 

@ Digital Signal Processing 

m Maintainability 

m@ Radar Systems Design 


Join the people of Motorola’s Government 
Electronics Group. The benefits are many, 
including sunny Arizona — a land as beauti- 
ful as it is abundant with recreation and 
culture. 

For prompt consideration, forward your 
resume in confidence to the appropriate 
technical recruiter at Motorola Government 
Electronics Group, 8201 E. McDowell Rd., 
Dept. B880, Scottsdale, AZ 85252; 

(602) 949-3759. An Equal Opportunity/ 
Affirmative Action Employer. U.S. 
Citizenship Required. Principals only, 


please. 
lhe Md to lmagnne 


(AA) Tn SKILL TO DO 


MOTOROLA INC. 


Government Electronics Group 
Advanced electronics for a more productive world. 


EDN November 12, 1987 


the place to work 


The Institute is expanding in a number of areas and has immediate 
requirements for experienced professionals to promote, design, 
develop, apply, evaluate, and manage projects in the following 
disciplines and related technical areas: 


ELECTRICAL ENGINEERS, PHYSICISTS, 
AND COMPUTER SCIENTISTS 


Applied machine vision 

Automatic test equipment (ATE) 

Computer-integrated manufacturing 

Computer systems architecture, computer networking, and 
computer systems integration 

Data processing and analysis 

Digital and analog circuit and systems design 

Digital electronic circuits for space applications 

Electromagnetic and ultrasonic NDE 

Expert systems 

Geophysical equipment and instrumentation 

Networking and data communications 

Radio frequency communications 

Robotics and automation systems 

Semiconductor components 

Simulation and training systems 

Spaceflight software projects 

Spacecraft computer systems development 

Theoretical instability analysis 


INDUSTRIAL & MANUFACTURING ENGINEERS 


Design and implementation of automated manufacturing systems 
Advanced manufacturing technology 


ATMOSPHERE 


Intellectual freedom, direct contact with clients, and diversity of 
technical challenge in a campus atmosphere characterize the work at 
SwRI. Engineers, scientists, and analysts from many disciplines help 
to open doors to the future in numerous fields. SwRI is one of the 
nations leading applied research laboratories, serving domestic and 
foreign industries and diverse agencies of the federal government. 


LOCATION 


The Institute’s principal facilities are in San Antonio, Texas, one of 
the Sunbelt’s most colorful cities.  - 


If you have a degree in one of the disciplines shown, or 
have conducted your graduate research or acquired ; : 
significant experience in one of the technical areas 
listed, please submit your resume to the 

following address. 


Cae ) Personnel Department No. 225 
3s Se, Southwest Research Institute 


oi % >, P.O. Drawer 28510 


$ Poe 
% Pe 


gers 5 San Antonio, TX 78284 


s/t HPA EAbP shag Nps 


Equal Opportunity Employer M/F 
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To Become 
A Star. «x 


Let your hair down and loosen 
your collar. You’re about to 
become a star. 


AT FMI, it’s easy to shine in your area of specialty be- 
cause we've deftly combined the visibility of small 
team involvement with the powerful support of our 
$12 billion parent company. You'll also be supported 
by our unique spirit of co-worker cooperation. The 
finest technological tradition. And the freedom to turn 
your thoughts loose. 


Through a conscientious task-solution approach, we 
ensure project dreams become product realities. And 
we’re not only fast, we’re better. Our products are ac- 
cepted industry standards for semiconductor quality 
and reliability. 


And that brings us back to our stars. We’re turning 
loose some of the most exciting minds—and 
products—in the industry. 


* Gate Array Design 
Engineer/ECL 


Chicago-based 


Working from standard input or on a turnkey basis, 
you'll exercise creativity and sound knowledge of 
CAD techniques to implement customer ASIC de- 
signs. Maintaining CAD resources and assuring that 
the latest operating system is loaded and operational 
with our newest software and libraries will also be 
your responsibility. As our expert in this area, you'll 
need to maintain current knowledge of commercial 
and Fujitsu CAD tools. Additionally, you’ll present for- 
mal ASIC design and CAD tool operation classes to 
our Customers. 


The inventive professional we seek will have a BSEE, 
or equivalent, with 1-3 years in ECL logic design that 
includes IC CAD systems operations. ECL, product 
program debug, proficiency with CAD workstations 
and familiarity with TSO/mainframe OP systems, 
VALID, Daisy, Mentor workstations, and IBM/TSO 
Operating systems required. Must be able to develop 
working knowledge of ‘C’ and UNIX* programming 
languages. 


Break routine. Turn your future to Fujitsu Microelectronics. 
And please send your resume to: Fujitsu Microelectronics, 


Inc., Dept. CA, 3320 Scott Blvd., Santa Clara, CA 
95054-3197. We are an equal opportunity employer. 


*UNIX is a trademark of AT&T Bell Laboratories. 


Me FUJITSU 


all candied MICROELECTRONICS, INC. 


You’re About 


PERFORMANCE 


Performance. Fortune 500 government contractors demand nothing less — 
and for over 25 years, Novatronics has been giving them exactly what they 
demand in military electronics and sub-systems. Now Novatronics joins 
Lambda in this commitment to performance, reflected in our product relia- 
bility, in design innovation, deadline adherence and quality found in every 
aspect of our operation. Our expansive growth has created the following 


positions: 

@ MAGNETICS MANUFACTURING ENGINEER 

@ ELECTRICAL ENGINEER — LOW VOLTAGE POWER SUPPLIES 
@ MANUFACTURING TEST ENGINEER 


We offer an an excellent compensation package and an environment that 
encourages personal and professional growth. If you value performance in 
your professional life, you'll like what LAMDA NOVATRONICS INC. has to offer 


TO ARRANGE AN INTERVIEW, CALL (305) 942-5200 OR SUBMIT YOUR 


RESUME TO: DIRECTOR OF HUMAN RESOURCES. 


LAMBDA NOVATRONICS INC.., 


500 S.W. 12th Avenue, Pompano Beach, FL 33069 


A LAMBDA 


NOVATRONICS INC. 


A (Yooco) COMPANY 


WE HAVE BUILT 
A REPUTATION... 


Corporate Directions is a search & 
recruiting firm, building relationships, not 
just with our client-companies, but with 
our candidates as well. 


Engineering professionals come to us 
because we can offer them individual 
Choices; both professionally and 
geographically. 


We have fee-paid openings, nationwide 
for degreed, experienced engineers in all 
disciplines. 


Send resume in confidence to: 


CORPORATE DIRECTIONS 
124 W. Orion #F-10 
Tempe, AZ 85283 
(602) 730-1677 


We have built a reputation based on honesty, 
discretion, and professionalism. 


I=IDINI 


Equal Opportunity Employer M/F/H/V 


SR. DESIGN ENGINEER. Research, 
design & development of high perfor- 
mance uninterruptible power supplies and 
power electronic systems for variable 
speed AC machine control. Requires Ph.D. 
in Power Electronics, and 5 yrs experience 
OR 5 yrs as Power Electronics Engineer, 
including experience in design and 
development of power electronic systems 
and control strategies related to PWM in- 
verter systems for uninterruptible power 
Supplies and microprocessor-based AC 
motor drives, $40,000/yr, 40 hr wk, 
8am-5pm. Mail resume and copy of ad 
to: Department of Economic and 
Employment Development, 1123 N. 
Eutaw Street, Room 203, Baltimore, MD 
21201. Job Order No. MD5044155. Job 
location: College Park, Maryland. 


First in Readership Among Design 


Engineers and Engineering 
Managers in Electronics 
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SIEMENS 


Components of a Winner 


Semicustom CAD Manager 


The position requires a PhD/MSEE and 10+ 
years of CAD software development man- 
agement experience. Knowledge of auto- 
matic place/route, simulation and test 
program generation is essential. Please 
respond to Dept. MW-1. 


Sr. CAD Software 


Development Engineer 


We require a BS/MSEE or PhD and 4-10 
years of software engineering experience 
including data base and CAD systems. Also 
required are Pascal and C and a thorough 
knowledge of VMS and UNIX. Please 
respond to Dept. MW-2. 


CAD Software 
Development Engineers 


We presently seek high caliber engineering 
professionals. Match your qualifications to 


the positions below and join a winning team. 


¢ We require a BS/MSEE or equivalent and 
2+ years of experience in layout manipu- 
lation. Also required are 1+ years of 
experience setting up technology files 
for verification software and Pascal or 
C programming. Please respond to 
Dept. MW-3A. 


® Qualifications must include a BS/MSEE 
or equivalent and 2+ years of experience 
in Pascal or C programming. Knowledge 
of digital design is a must. Please 
respond to Dept. MW-3B. 


¢ We require a BS/MSEE or equivalent and 
3+ years of experience using logic/fault 
simulation and developing simulation 
models. The ability to program in Pascal 
and C is essential. Please respond to 
Dept. MW-3C. 


e Required are a BS/MSEE or equivalent 
and 3+ years of experience in layout 
related areas. A background in C and 
Pascal is also necessary. Please respond 
to Dept. MW-3D. 


ECL Systems 
Operation Engineer 


Qualifications are 1+ years of experience 
running P/R software including setting 
parameters and developing run time strate- 
gies, as well as setting up libraries. Please 
respond to Dept. MW-4. 


At Siemens, we believe the most 
vital component of a company’s 
structure is its people. As the 
sixth largest electronics corpo- 
ration in the world, Siemens is 
comprised of people with the 
foresight, dynamism, and quest 
for innovation that make it an 
industry winner. As our standard, 
we have almost 150 years of tech- 
nological excellence. As our 
future, we seek people intent 

on maintaining this momentum 
of excellence. 


Our semicustom design group 
is currently developing high- 
performance ECL, CMOS gate 
arrays and standard cell product 
families using advanced cell 
libraries to create extremely 
dense layouts. We invite you to 
join us in this ambitious effort. 


Workstation Engineer 


We require a BS/MS or equivalent and 
1+ years of workstation experience which 
should include the ability to program in 
Pascal and knowledge of simulation and 
schematic capture. Please respond to 
Dept. MW-5. 


Sr. Packaging Engineer 

You will design and qualify ceramic and 
plastic packages for high pin count and 
high performance devices. Qualifications 
must include a BS/MSME and 3-5 years 
of experience in package design for gate 
arrays and standard cell design. Please 
respond to Dept. MW-6. 


Product Engineer 
Lab 


You will be responsible for setting up our 
ASIC product engineering lab, as well as 
characterizing, debugging and improving 
yield of our new ASIC product families. We 
require 4+ years of product engineering 
experience. Gate array experience pre- 
ferred. Please respond to Dept. MW-7. 


Our Opto Electronics group presently seeks 
the following professionals. Please respond 
to Dept. MW-OE. 


Sr. Fab Engineer 

Sr. MOVPE Development Engineer 
Product Marketing Engineer 
Product/Test Engineer 

Marketing Administrator 


At Siemens, you'll enjoy a pro- 
gressive and exciting work envi- 
ronment, as well as a competitive 
salary and benefits package. For 
immediate consideration, please 
send your resume/letter of interest 
to Professional Staffing (indicating 
appropriate department), Siemens 
Semiconductor Group, 19000 
Homestead Road, Cupertino, CA 
95014. We are an equal opportu- 
nity employer. Principals only. 
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SEARCH ME 


(612) 941-3957 


ENTER THE PASSWORD “BPI” 


On-line technical career opportunities 


Welcome to the job network of the future. A free service, with 24-hour access to on-line career 
information. Exclusively for experienced technical professionals. Communicate directly with 
high-tech and Fortune 1000 companies. From your PC or terminal at home or at work, at your 
leisure. Confidentially. Enter or upload your resume for fast, direct response. 


Whether you're just a little curious or actively pursuing a new job, you'll find what you're 
looking for on-line with BPI AdLine. Explore high-tech opportunities, employee benefits, 
everything you need to know about today’s greatest career challenges. 


BPI AdLine. The smart way to stay in touch. 


Created by the same people who bring you the original BPI TECH FAIRS. You can also use | 
BPI AdLine to check on dates, times and locations of upcoming TECH FAIRS in your area. 


To get on-line and ial 612-941-3957 


leave vour resume yn your PC or terminal 


with BPI AdLine: and modem. Enter the 
password “BPI” 


0 


% 
a 
de 


c 
ri 
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employment agency.” 


—_ 


“We are not ar 


~ 


Business People Inc., The Nation’s Leader in Recruiting Technology, 100 North Seventh Street, Minneapolis, MN 55403 Phone 612-370-0550 
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EDN Databank 


i O 
O 8 i] 
Professional Profile 
O Announcing a new placement service for professional engineers! 
To help you advance your career. Placement e The computer never forgets. When your e Your background and career objectives 
O Services, Ltd. has formed the EDN Databank. type of job comes up, it remembers you're will periodically be reviewed with you by 
What is the Databank? It is a computerized qualified. a PSL professional placement person. 
system of matching qualified candidates with e Service is nationwide. You'll be We hope you're happy in your current posi- 
O positions that meet the applicant's professional considered for openings across the U.S. tion. At the same time, chances are there is an 
“ and acohg What are the advantages of by PSL and it's affiliated offices. ideal job you'd prefer if you knew about it 
hee rere e Your identity is protected. Your resume That's why it makes sense for you to register 
e It’s absolutely free. There are no fees or is carefully screened to be sure It will not with the EDN Databank. To do so, just mail the 
O charges. be sent to your company or parent completed form below, along with a copy of 
organization. your resume, to: Placement Services, Ltd., Inc. 
O IDENTITY PRESENT OR MOST RECENT EMPLOYER 
Name Parent Company 
Home Address: Your division or subsidiary: 
O City State: Zip: Location (City, State) 
Home Phone (include area code): —__-_———————————— Business Phone if O.K. to use: 
© [EDUCATION | [were [om [age | career 
- i aes 
ee ee ee 
O | 
(POSITIONDESIRED 
O : EXP E R | E N C E | isos From: To: Title: 
: Duties and Accomplishments: Industry of Current Employer: 
O 3 


¢ 


Reason for Change: 


‘PREVIOUS POSITION: 


Job Title: 
Employer: 
Division: 


From: To: City: Stato 


Type of Industry: Salary: 


Duties and Accomplishments: 


O 

O 

O 

o 
7 

O 

O 

O 


Date Available Wil Travel Cl town my home. How long? —___—_ | rent my home/apt. 1 
O Light © Moderate O Heavy a 


Oo Employed 0 Self-Employed UO Unemployed O Married 0) Single Height____Weight____ 


i eases My identity m be released to: O Any employer 
7 Level of Security Clearance O U.S.Citizen | O Non-U.S. Citizen la ad g pee present empl 


- CJ WILL RELOCATE (] WILL NOT RELOCATE LJ OTHER 


EDN Databank 


A DIVISION OF PLACEMENT SERVICES LTD., INC. 


265 S. Main Street, Akron, OH 44308 216/762-0279 
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EDN REPRINTS 


You asked for it! 
new 


Volume Il 


A Designer's Guide to 
CMOS ICs 


acing angl Volume | 


Innovative _ 
Linear Circuits 


As featured in EDN Magazine Jim 


Williams 


A Designer's 
Guide to: 
Innovative 

Linear Circuits 

As featured in EDN Magazine By Jim 
_Wilere 


A Designer’s Guide to CMOS ICs 
CMOS is fast becoming the chosen 
technology for developing integrated 
circuits. That’s because CMOS ICs 
are able to implement ultra-complex 
system-level functions on a chip! Now 
you can meet the special challenges 
posed by this new breed of ICs with 
A Designer's Guide to CMOS ICs. You'll 
learn the advanced design and fab- 
rication techniques required. Plus 

the latest linear and digital CMOS 
ICs available. 


Semicustom _ 
Integrated Circuits — 


A Designer's Guide to Linear A Designer’s Guide to Innovative 
Circuits— VOLUME I Linear Circuits— VOLUME II 
This original, 186-page collection by The reader response to Volume I was 
Jim Williams offers a wealth of analog SO positive, that we're offering Jim 
design information. It includes practi- Williams’ latest analog design articles 
cal and efficient ways to use op amps, —from 1983 to 1986—in an all-new 
comparators, data converters, and Volume IT. An even bigger collection 
other analog ICs, and discusses the than before, Volume II is still written 
theories behind all the design tech- in the language of working engineers, 
niques presented. but now covers the newest and more 
complex circuits and systems you 
asked for! 266 pages. 


A Designer’s Guide to Semicustom 
Integrated Circuits 

Learn how to design a semicustom IC 
with A Designer’s Guide to Semicustom 
Integrated Circuits. Based on EDN’s 
own design experience, this nine- 
chapter booklet outlines the complete 
procedure used to design, fabricate, 
and test EDN 1, a chip with a 1200 
equivalent-gate complexity. You'll not 
only learn the steps to take when 
creating ICs, but also the design/cost 
analyses and vendor-interface methods 
that lead to successful semicustom 
chips. 


The Latest from the Best! 


You can buy the volumes separately, or as a set. Either way, you'll have all the 
latest information on the most sophisticated linear ICs ... from Jim Williams, 
one of the country’s foremost linear-circuit designers. 


Mail coupon to: 
EDN Reprints/EDN Magazine e Cahners Building @ 275 Washington Street 
@ Newton, MA 02158-1630 


Please print clearly. This is your mailing label. 
Please send the following Designer’s Guide(s): 


copies of A Designer’s Guide to CMOS ICs NAME 
[11$ 6.95UPS O $10.95 non USA 
copies of A Designer’s Guide to Semicustom Integrated Circuits PEMD 


[1$ 6.95 UPS O $10.95 non USA 
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copies of A Designer’s Guide to Innovative Linear Circuits 


Vol. 1 0 $14.95 UPS 0 $19.95 non USA ADDRESS 
Vol. II $18.95 UPS 10 $23.95 non USA 
copies of the combined set of A Designer’s Guide to Innovative CITY 
Linear Circuits Volume I and Volume II 
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IDT49C460B: fastest speed, 
lowest power 32-bit EDC. 


Your memories are getting bigger and 
with that comes higher error rates. 
Use the new, faster IDT49C460B to 
enhance data integrity. It corrects all 
single-bit errors, detects all double and 
some triple-bit errors. 


Replaces 2960s. You can easily 
upgrade existing 2960 systems with the 
IDT49C460B because both devices use 
the same Hamming code. Your design 
benefits from faster speed, im- 
proved power consumption and 
a 3-to-1 reduction in chip count. 
Byte writes, byte operations 
and diagnostics are included. 

Faster than bipolar. The 
IDT49C460B detects an error 
in 25ns and corrects in 30ns. 
Nothing is faster. 


Lowest power. The only 32-bit 
EDC in CMOS consumes just 95mA 
commercial. Now you can get EDC 
faster than the fastest bipolar but with 
_ CMOS power. 

Cascades to 64 bits. Only IDT 
offers you a simple, two chip solution 
for 64-bit EDC. (The T1632 cannot be 
cascaded to 64-bits; while the Am2960 
approach requires 14 devices.) 


World's Fastest 


2-bit CMOS EDC 
25ns 


TIME 


DETECT 


16-Bit EDC 
IDT39C60A IDT39C60-1 IDT39C60 
Data to error detect 20ns 2ons 32ns 
Data to error correct 30ns 52ns 65ns 
Commercial |¢¢ 85mA 85mA 85mA 


Speed leadership in 16-bit EDC. 


We also make a family of 16-bit CMOS 
EDCs. All are 2960 pin compatible with 
improved output drive while consuming 
only 1/4 the power. 
The IDT39C60A is unquestionably 
the highest performance TTL com- 
patible CMOS 16-bit EDC in the 
world. And more than just some 
“specs on paper,” it’s available 
now—in volume. 
The IDT39C60-1 and IDT39C60 
are equal in speed to the 2960-1 
and 2960. 
Packages. (] 48-pin plastic and 
ceramic DIPs. 0 52-pin PLCC/LCCs. <a 
Cascadable. Up to 64 bits. Hy 


May we be of assistance? 
Contact our local representative, 
call 1-800-IDT-CMOS, or fill in the 
bingo for a copy of our Data Sheet 
and our Application Note explaining how 
to use 16- or 32-bit EDC. 


CEMOS and MICROSLICE are trademarks of 
Integrated Device Technology, Inc. 
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Also ask for our Product Selector 
Guide on CEMOS™ MICROSLICE™ 
(bit-slice microprocessor products), 
Subsystems, Memory Interface 
Logic, Digital Signal Processing 
Circuits (multipliers and MACs), Data 
Conversion Products, E7PROMs and 
one of the fastest, broadest lines of 
Static RAMs in the world (including the 
biggest, fastest families of FIFOs and 
Dual Ports). 


When cost-effective performance counts 


\ Integrated 
‘Device Technology 


3236 Scott Blvd. 
Santa Clara, CA 95054-3090 
(408) 727-6116 
TWX 910-338-2070 
CIRCLE NO 299 
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In Surface Mountable Components, 
TDK Quality Is More Than Skin Deep. 


As boards are getting thinner, TDK is helping that diet succeed by providing a variety of extra-slim surface mountable 
components. Nourished by TDK’s expertise in ferrite and ceramic materials, these miniaturized components feed on TDK 
—developed multi-layerization and multi-functionalism. How do we know the exact needs of high-quality automated board 
production? Well, a fair share of the world’s automatic mounting equipment—the Avimount series—comes from TDK. 


Multilayer 
Ceramic Chip 
Capacitor 


C1608 (ccos03) C5650 (cc2220) 
C: 0.5~22,000pF C: 5,100pF ~1.5uF 


C2012 (cc0805) 
C: 0.5~100,000pF 
C3216 (cc1206) 
C: 0.5~220,000pF 
C3225 (cc1210) 
C: 750 ~470,000pF 


C4532 (cc1812) 
C: 2,.400pF ~ 1uF 


Multilayer Multilayer Chip 
Ceramic Chip Capacitor Transformer 
(High Frequency, Low Loss) 


SM Active 
Delay Line 


MTT4532 
FC1414 L: 10~200uH 


C: 0.5 ~3,300pF 
FC2828 

C: 0.5~22,000pF 
FR1414 

C: 0.5~3,300pF 


FR2828 
C: 0.5~22,000pF 


FDL 
Delay time: 20 ~ 75 nsec. 


Leadless Inductor 
(Wound Chip Inductor) 


Multilayer Chip © 
IFT 


SM Transformer/ 
Inductor 


NL322522 
L: 0.01~220uH 


NL453232 
L: 1.0~1,000,H 


NL565050 
L: 1,200~ 10,000,H 


NLF453232 
L: 1.0~1,000uH 
(Shielded inductor) 


MIA4532 
F: 455, 459, 464kHz 


MIF4532 


EE5 
ER9.5 
ER11 
T2 


F: 10.7MHz 


A variety of characteristics are available. 
Please specify when ordering. 


Multilayer Chip 
Inductor 


SM Step-up Inductor 
(Piezoelectric Buzzer) 


MLF3216 
L: 0.047 ~33,H 


MLF3225 
L: 39~220,H 


OL3.3 x 1.6 
OL3.3 x 2.1 


iA 


inductance values are representative, 
please specify value when ordering. 


See our Surface Mountable Components and other fine products at Wescon/’87 November 17-19, 
booth No. 959, Moscone Convention Center, San Francisco, CA. / 
Wescon/7. 


Electronic Show and Convention 


i T DIK. 


TDK CORPORATION OF AMERICA HEAD OFFICE 4711 West Golf Road, Skokie, IL 60076, U.S.A. Phone: (312) 679-8200 CHICAGO REGIONAL OFFICE 
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LOOKING AHEAD 


UPS shipments to grow 
at 20% per annum 


Clean, consistent ac power from 
public sources is no longer a work- 
able assumption for many applica- 
tions, particularly as more sensitive 
electronic systems and equipment 
become available for commercial 
and industrial uses. Power irregu- 
larities cause havoc in all kinds of 
situations from interruptions in cru- 
cial services to malfunctions of basic 
equipment. Although power irregu- 
larities are typically associated with 
public power supplies, the failures of 
internal power-distribution net- 
works can just as easily cause power 
disturbances. And these distur- 
bances can spread throughout the 
internal network of a facility. 

Venture Development Corp (Na- 
tick, MA) has found that these two 
sources of disruption—the unpre- 
dictability of external power sources 
and the intrinsic difficulties of inter- 
nal distribution of power—will cre- 
ate a demand of about 20% annually 
for uninterruptible power supplies 
(UPSs) through 1991. Assessed at 
$649.4 million in 1987, the US ship- 
ments of UPSs should exceed $1.3 
billion by 1991. 

VDC concludes that other options 
—edicated lines, shielded isolation 
transformers, line-voltage regula- 
tors, line-power conditioners, and 
motor generators—cannot protect a 
critical load from virtually all the 
potential commercial power-source 
problems as reliably as UPSs can. 
On-line UPSs now dominate US 
shipments, but the demand for off- 
line sources of the same nature will 
expand during the next few years. 


Color enriches 
hard-copy-output markets 


Color begets more color. The rise in 
color-monitor use, the proliferation 
of color software packages, and the 
availability of better performance 
for less money have together cre- 
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ated a dramatic increase in the de- 
sire for color hard copy, according to 
CAP International Inc (Marshfield, 
MA). In fact, American commercial 
concerns are now willing to pay for 
color in surprising numbers. 

A survey conducted by CAP 
found that, when asked whether 
they intended to purchase machines 
to produce color hard copy, 48% of 
the respondents either expressed a 
definite intention to buy (20.5%) or 
their probable intention to buy 
(27.5%) color-printing equipment by 
year’s end. By the end of 1988, CAP 
predicts the total number of users 
who at least intend to buy will swell 
to 75%. The various sorts of com- 
mercial organizations surveyed 
ranged from CAD/CAM companies 
to businesses that use slide presen- 
tations to serve their clients. 

CAP defines a color hard-copy 
machine as one capable of producing 
three or more full colors without 
manual intervention. Pen plotters 
lead the top five processes that 
users believe to be most useful for 
their needs. Increasing in populari- 
ty are laser printers, which users 
rate second in desirability; in dimin- 
ishing order of interest, ink-jet 
printers, electrostatic plotters, and 
dot-matrix printers round out the 
top five devices. The other five cate- 


gories in descending rate of popular- 
ity are electrophotographic copiers, 
film recorders, photographic copi- 
ers, thermal-transfer printers, and 
thermal-transfer copiers. 

Color options for hard copy might 
present users with a somewhat 
happy quandary: On the one hand, 
the improved vividness of presenta- 
tion, the addition of a mode for 
providing more data within the 
same picture, and the sheer visual 
pleasure of color will enhance hard- 
copy applications in a multitude of 
ways. But if one picture can be 
worth ten thousand bytes, that 
same picture with ten or twenty 
hues could need a megabyte RAM 
operating at several MIPS to deci- 
pher it in a reasonable amount of 
time. Graphics are designed to be 
experienced primarily visually—not 
verbally. “The complexity of multi- 
functioning elements can sometimes 
turn data graphics into visual puz- 
zles, eryptographical mysteries for 
the viewer to decode,” warns 
Edward Tufte in The Visual Dis- 
play of Quantitative I nformation 
(Graphics Press, Cheshire, 6) 
1983, pg 153). Users may need more 
help learning about restraint with 
their new color-palette freedom 
than about actually generating their 
bright, new data. 


INTENDED COLOR HARD-COPY MACHINE PURCHASES 
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Making the Connection Between... 


PACKAGING 
PRODUCTIVITY 


From through-hole technology 
to surface-mount technology, 
Molex makes the connection. 

Molex is working to help 
today’s manufacturers develop SMT 
products that utilize less space and 
assemble with greater efficiency. 
Components such as our SIMM sockets 
are currently helping major manufacturers 
utilize innovative SIP technology to 
achieve denser circuit board packaging 


Upgradable 
and increased RAM capacity. And, SIMM sockets 
systems such as our automated robotic ae file ond 
PCB assembly equipment are speeding right angle versions in single 
production time and reducing labor costs. and dual row configurations. 


We take a systems approach to help make 
your bottom line more productive. 


Molex goes beyond quality SMT products to bring 

you problem-solving 
systems for greater 
productivity. Molex 

helps you put new 
technology to work in 
real world manufacturing 
Molex SIMM socket (right) takes up dramatically Situations. From design 


less board space than DIP packaging (left). and development to 

manufacturing and delivery, you can depend on Molex for As part of our intensive quality 

. . ; wee assurance efforts, CAD technology 
interconnection technology that gives you a competitive edge. is used in product development 


Connecting technologies worldwide to identify possible stress points. 


Our multi-national organization offers you interconnection 
design, manufacturing, and technology from around the globe, 
with dependable supply and local service. 
Call or write today for our new 16-page | 


SIMM Technology Handbook. ® 
Service To The Mm le 
Customer. ..Worldwide O 


YY 


SIMM™ is a registered trademark of the Wang Corporation. 


Corporate Headquarters: 2222 Wellington Ct., Lisle, IL 60532 USA, (312) 969-4550 « European Headquarters: Aldershot, England, (0252) 318221 


Northern Asia Headquarters: Tokyo, Japan, 03-478-8777 * Southeast Asia Headquarters: Jurong Town, Singapore, 65-261-9733 
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Exotic 


The special requirements of data communi- 
cations OEMs have resulted in some pretty 
exotic custom modem cards from Universal 
Data Systems. 

Funny form factors are routine fare for 
our custom designers. Nooks, crannies and 
odd card configurations are no problem, given 
sufficient square inches of real estate. UDS 
engineers have even designed a circular 212A 
modem that fits in the back of a residential 
electric meter. 

Non-standard modem functions are 
another specialty of the house. For example, 
UDS engineers have already designed and 


modem brochure. 


For a generous sampling of 
UDS’ custom design capabili- 
ties, ask for the new, free OEM 


Us 


delivered a hand-held RF modem operating 
at 4800 bps! 

UDS has successfully handled more 
than 3,000 custom OEM modem design 
assignments — and we can handle yours. 

To begin an exotic custom, contact Universal 
Data Systems, 5000 Bradford Drive, Huntsville, 
AL 35805. Telephone 205/721-8000; 

Telex 752602 UDS HTV. 


Dj Universal Data Systems 


(MA) MOTOROLA INC. 
information Systems Group 


UDS modems are offered nationally by leading distributors. Call the nearest UDS office for distributor listings in your area. 
DISTRICT OFFICES: Apple Valley, MN, 612/432-2344 « Atlanta, GA, 404/998-2715 © Aurora, CO, 303/368-9000 « Blue Bell, PA, 215/643-2336 ¢ Boston, MA, 
617/875-8868 « Columbus, OH, 614/895-3025 « East Brunswick, NJ, 201/238-1515 * Glenview, IL, 312/998-8180 * Houston, TX, 713/988-5506 « Huntsville, AL, 
205/721-8000 Livonia, MI, 313/522-4750 ¢« Mesa, AZ, 602/820-6611 ¢ Milwaukee, WI, 414/273-8743 ¢ Mission Viejo, CA, 714/770-4555 « Mountain View, CA, 415/ 
969-3323 ¢ Renton, WA, 206/235-9977°¢ Richardson, TX, 214/680-0002 St. Louis, MO, 314/434-4919 e St. Peters, MO, 314/434-4919 ¢ Silver Spring, MD, 301/942-8558 
Tampa, FL, 813/684-0615 ¢ Uniondale, NY, 516/222-0918 ¢ Van Nuys, CA, 818/891-3282 © Willowdale, Ont, Can, 416/495-0008 « Winston-Salem, NC, 919/760-4184 
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Belden” Multipurpose x 
Computer Fiber Optic Cable 
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Belden® General Purpose 
LAN Fiber Optic Cable 
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Belden® Heavy-Duty 
Direct Burial 
Fiber Optic Cable 


" Rain’! snow, dust, nee Lae ay tions 
continuou ‘ly test the limits:of fiber optic: yerformance. 
Without cable 3 engineered Spi ifically for “our application, 
you may not ! »alize the durability and high ‘/olume information 
transfer you «pected from your fiber optic system. 


Extensive ex’ ‘erience in LAN | wee telets> munications, data 
communicati: “ns, instrumentation, procesi. trol, government 
and military < »plications allovis Belden to; nticipate and 
conquer yout | Worst-case operating ey ments. | 


In addition to! 1 wide range of:tandard prox: ts, Belden can 


Belden® Plenum Breakout 


Fiber Optic Cable manufacture. he single-mode; armored, 'drid and high-fiber- 
count cables; you need. B butconfigu’ tions are available for 
easy termina ion and fast ins; allation. Beld:$n fiber optic cables | 
are available n single piece s rd puts of 500, 1000, 3280 | 2% 
and 6560 fee . Custom lengtt are also aVjilable. as 
Custom desi n, fast price ani{ delivery inf¢ mation are as close Seey 
as your local! 3elden Regional Sales office = while our nationwide 
= distribution nstwork can de value-ad ie Services as well 
“Say | as cable sele :tion and systeth design z istance. 
Sa Re When perforinance i is critical e heat orhigh water-—. 
ei Sige contact Beld:»n. We'll protect'your fiber c Dh systemthroughthe _ 
“harshest env ronments. Belden Wire and ! pie P.O. Box af 
Belden® BitLite® Military oS Mie 1980, : hmond, Indi 18 
Fiber Optic Cable Se a 2 
aN % ; Belden® Telecommunications 
3 | ’ Fiber Optic Cable 
y he § | 
: - - AY 
There is no equal.” : 4 
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